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THE  POSSIBILITY  OF  FORMATION  OF  POSITIVE  HALOGEN  IONS 
IN  AQUEOUS  SOLUTIONS 

K.  P,  Mishchenko  and  I.  E.  Flis 

The  V.  M.  Molotov  Technological  Institute,  Leningrad 


During  the  past  few  decades  a  considerable  number  of  papers  have  been  published  in  which  attempts  are 
made  to  attribute  the  oxidizing  action  of  chlorine,  bromine,  and  iodine,  and  also  of  the  corresponding  hypo- 
halites,  to  the  existence  and  activity  of  positive  halogen  ions  in  aqueous  solutions. 

As  long  ago  as  1901,  one  year  after  the  publication  of  Yakovkin's  classic  paper  [1],  which  provided  a 
scientific  basis  for  the  mechanism  of  chlorine  hydrolysis  and  gave  an  exact  thermodynamic  characterization  of 
the  processes  involved,  Stiglitz  [2],  without  experimental  proof,  advanced  the  idea  of  the  existence  of  positive 
chlorine  ions  in  aqueous  solution.  Stiglitz  ascribes  the  following  mechanism  to  the  formation  of  hypochlorous 
and  hydrochloric  acids  in  solution: 

Cl2->  C1++C1“  and  Cl^  +  HjO-^  HOCl  +  H^. 

In  1922  Noyes  and  Wilson  [3]  attempted  to  determine,  by  a  conductivity  method,  the  dissociation  constant 
of  hypochlorous  acid  regarded  as  a  base:  HOCbps^  OH  '  +  Cl'*’.  The  attempt  was  unsuccessful.  Marray  [4J  in 
1925  used  a  potentiometric  method  for  determining  the  dissociation  constants  of  hypoiodous  acid.  His  average 
value  for  the  acid  dissociation  constant  was  3  •  10  and  for  the  dissociation  constant  of  the  compound  re¬ 
garded  as  a  base,  3  •  10“^° .  Later  Bell  and  Cells  [5]  showed  that  the  method  used  by  Marray  for  determination 
of  the  second  of  these  values  could  not  give  reliable  results. 

Nekrasov  and  Nagatkin  [6J  calculated  the  dissociation  constant  by  hypochlorous  acid  regarded  as  a  base. 
They  found  that  its  value  is  of  the  order  of  10”"^ ,  and  therefore  they  considered  that  fairly  acid  solutions  of 
pure  hypochlorous  acid  should  contain  considerable  amounts  of  positive  chlorine  ions,  which  constitute  the 
active  agent  in  oxidation  processes,  including  the  bleaching  of  cellulose  and  fabrics.  Their  paper  contains  an 
interesting  scheme  for  the  processes  of  cellulose  oxidation  with  the  active  participation  of  Cl^  ions. 

Many  authors  attempt  to  use  the  kinetics  of  halogenation  of  organic  compounds  in  aqueous  solution  as  a 
basis  for  establishing  the  existence  and  action  of  positive  halogen  ions.  The  action  of  positive  halogen  ions 
is  sometimes  regarded  as  analogous  to  that  of  nitronium  ions  (nitration  processes)  or  sulfonium  ions  (sulfonation 
processes)  [7-16], 

Shilov,  on  the  basis  of  his  numerous  investigations  on  the  rates  of  oxidation  of  organic  substances  in  hy¬ 
pochlorite  and  hypobromite  solutions,  concludes  that  in  hypobromous  acid  solutions  bromine  cations  can  act  as 
active  bromination  agents.  Nevertheless,  Shilov  and  his  associates  did  not  find  any  kinetic  evidence  for  the 
existence  and  action  of  positive  chlorine  ions  in  the  chlorination  of  unsaturated  organic  compounds  in  hypo¬ 
chlorous  acid  solutions  [17-27J. 

Gonda-Hunwald,  Graf,  and  Korosy  [28J  attempted  to  prove  the  existence  of  positive  halogen  ions  by  an 
electrolytic  method.  They  found  that  in  an  alkaline  solution  of  hypobromous  acid  most  of  the  oxidizing  agent 
migrates  to  the  anode.  In  an  acid  solution  the  oxidizing  agent  migrates  preferentially  toward  the  cathode.  In 
their  opinion,  this  is  evidence  for  the  existence  of  positive  bromine  ions  in  acid  solutions  of  hypobromous  acid. 
It  should  be  pointed  out  that  analogous  experiments  with  hypochlorous  and  hypoiodous  acids  did  not  confirm 
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the  existence  of  positive  chlorine  and  iodine  ions. 

Korosy  and  Szekely  [29j  later  repeated  the  experiments  of  Gonda-Hunwald,  Graf,  and  Korosy  by  an  im¬ 
proved  method  and  obtained  the  opposite  result.  As  the  result  of  their  experiments  Korosy  and  Szekely  con¬ 
cluded  that  the  concentration  of  positive  bromine  ions  (if  they  exist)  must  be  less  than  10”^^  in  0.1  N  hypo- 
bromous  acid  solution.  It  is  interesting  to  note  that  even  before  this  Shilov  and  Kanyaev  [19,  20,  23J 
attempted  to  demonstrate  the  formation  of  bromine  cations  in  acid  solutions  of  hypobromous  acid  by  a  con¬ 
ductivity  method.  However,  this  attempt  was  not  successful. 


Apart  from  kinetic  considerations,  the  probability  of  formation  of  positive  halogen  ions  may  be  estab¬ 
lished  thermodynamically.  Such  an  attempt  was  made  by  Bell  and  Gells  [5].  These  authors  attempted  to  cal¬ 
culate  the  changes  of  thermodynamic  potential  for  two  processes: 


a)  Xaag  X+g  +  X"  and  b) 


HaOX’*'  +X“* 
^  ag  ag 


For  Process  (a),  the  values  found  for  iodine,  bromine,  and  chlorine  respectively  were  +55,  467,  and  +84  kcal  / 
mole.  From  this  Bell  and  Gells  conclude  that  the  probability  of  Process  (a)  is  extremely  low.  The  change  of 
thermodynamic  potential  in  Process  (b)  was  calculated  by  Bell  and  Gells  on  the  assumption  of  a  complete 
analogy  of  structure,  formation  mechanism,  and  energetics  between HjOX^g  ions  and  hydroxonium  ions.  Their 
calculated  values  for  (b),  for  iodine,  bromine,  and  chlorine  respectively  were: +14,  +30,  and  +42  kcal  /  mole. 

From  these  results  Bell  and  Gells  conclude  that  under  certain  conditions  (low  concentration  I”  ions  and  a 
fairly  high  concentration  of  H'*’  ions)  H2OI'*'  ions  may  exist  in  solution.  They  subsequently  attempted  to  confirm 
this  by  measurement  of  the  electromotive  force  of  a  concentration  cell  consisting  of  two  iodine  electrodes. 

In  the  present  paper  an  attempt  is  made  to  estimate  the  probability  of  formation  of  hydrated  positive 
halogen  ions  in  aqueous  solutions  by  calculation  of  changes  of  thermodynamic  potentials  in  various  reactions 
between  the  components  of  chlorine,  bromine,  and  iodine  solutions  and  also  of  the  corresponding  hypohalites. 

The  changes  of  thermodynamic  potential  AZ"  in  various  processes  for  the  formation  of  Cl^g,  B^ag* 

I^g  ions  were  calculated  by  the  thermodynamic  cycle  method.  The  values  found  for  AZ”  were  used  to  calculate 
the  equilibrium  constants  for  these  reactions  by  means  of  the  formula:  AZ°  =— RT  In  K. 

The  calculations  were  based  on  the  thermodynamic  potentials  of  formation  of  these  ions  in  solution  from 
the  elements.  These  values  were  calculated  from  values  of  AZ“  for  the  processes: 

1)  -^X2g->Xg^  2)  Xg->Xj-fe,  3)Xj-^Xa-^, 

1 

4)  ^H2g->Hg,  5)  Hg-+Hf-fe,  6)Hf->Hj;q 

For  Process  (3),  only  the  heat  effects  were  calculated  •  ♦  .  The  calculations  were  performed  with  the  aid 
of  Mishchenko’s  equation  [30]  for  the  heat  of  interaction  of  an  ion  of  radius  tj  with  nj^  molecules  of  water  having 
effective  radius  r^  and  dipole  moment  p  . 


"Solv.cat. 


^  A^^cfiZ 

h  (r<  +  r^  +  p)2  ’ 


where  n^^  is  the  coordination  number  of  ion  solvation;  r.  and  r^  are  the  crystallographic  ion  radius  and  the 
effective  radius  of  the  water  molecule  respectively;  5  is  a  correction  factor  for  asymmetry  of  the  charges  in 
the  water  molecule,  which  has  the  value  +0.25  A;  for  the  case  of  interaction  with  cations;  is  the  Avogadro 
number;  e  is  the  unit  charge;  z  is  the  valence  of  the  ion. 

For  calculation  of  aH®  ,  a  reasonably  correct  estimation  of  the  ionic  radii  and  of  the  effective 

solv.  cat.  '' 

•  Iodine,  bromine,  or  chlorine  are  denoted  by  X. 

•  •  Since  our  calculations  are  of  an  exploratory  character,  the  use  of  AH®  instead  of  AZ®  at  one  of  the  stages 
in  the  cycle  cannot  have  a  significant  effect. 
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radii  of  water  molecules  is  important.  The  ionic  radii  were  calculated  from  the  values  of  the  covalent  radii 
of  the  atoms  and  of  the  ionic  radii  for  and  given  in  the  literature  [31-36j. 

We  found  the  values  of  0.89,  1.1,  and  1.28  A  for  Cl^,  Br+,  and  Irrespectively,  The  coordination  numbers 
of  solvation  nj^  for  C1+,  Br^,  and  I^were  assumed  to  be  6,6,  and  8  respectively.  The  effective  radii  of  water 
molecules  in  the  solvate  layers  of  the  ions  were  taken  as  1.38  A  for  chlorine,  1.93  A  (first  variant)  and  1.65  A 
(second  variant)  for  bromine,  and  1.93  A  (first  variant)  and  1.70  A  (second  variant)  for  iodine  [30].  The  values 
found  for  are  given  in  Table  1.  It  must  be  noted  that  these  values  conform  quite  adequately  to 

the  law  established  by  Kapustinsky  [37],  according  to  which  a  linear  relationship  exists  between  the  logarithm 
of  the  atomic  number  and  the  heats  of  solvation  of  the  ions,  for  ions  with  equal  charge  in  a  given  group  of  the 
periodic  system. 

The  values  of  the  change  of  thermodynamic  potential  were  calculated  on  the  basis  of  critically  selected 
data  from  various  literature  sources  [38-41],  These  values  are  given  in  Table  1.  Tables  2,  3,  and  4  give  the 
calculated  results  for  the  standard  changes  of  thermodynamic  potentials  in  various  processes  for  the  formation 
of  positive  ions  of  chlorine,  bromine,  and  iodine  in  solutions  of  the  corresponding  halogens  or  hypohalites.  It 
follows  from  the  values  for  the  change  of  standard  thermodynamic  potentials  given  in  Tables  2,  3,  and  4  that 
the  tendency  to  form  positive  ions  diminishes  from  iodine  to  chlorine.  This  was  to  be  expected  from  the  internal 
structure  of  the  atoms  of  these  elements  and  their  ions. 

According  to  these  results,  the  thermodynamic  probability  of  all  these  processes  for  the  formation  of 
positive  halogen  ions  is  relatively  low;  therefore  the  concentrations  of  these  cations  in  the  commonly  used 
halogen  or  hypochlorite  solutions  should  be  slight.  Nevertheless,  in  certain  cases,  especially  in  the  case  of 
iodine,  there  is  a  definite  probability  of  the  formation  of  positive  ions,  and  therefore  of  their  participation  in 
oxidation  processes  which  occur  in  such  solutions. 

It  is  interesting  to  note  that,  according  to  these  thermodynamic  calculations,  the  most  probable  processes 
leading  to  the  formation  of  halogen  cations  are  processes  associated  with  the  interaction  of  hypohalites  and 
their  salts. 

As  the  dissociation  constants  of  HIO,  HBrO,  and  HCIO  are  3  •  10“^^[45,4]  2.1  •  10“*  [24]  and  5  *  ICT*  [43] 
respectively,  such  processes  may  have  a  real  significance  in  the  pH  range  of  10.5-8.5  for  iodine  compounds, 
in  the  range  of  8. 7-6. 5  for  bromine  compounds,  and  in  the  range  of  8, 3-6. 3  for  chlorine  compounds. 

These  results  contradict  the  opinion  that  halogen  cations  form  and  act  in  an  acid  medium  only,  and  that 

the  formation  is  the  result  of  the  processes  X,_„ —*•  X"*"  +X“  and  HXO  +  —>  X'*’  +  HoO  .  It  is  seen 

zag  ag  ag  ag  ag  ag  1 

that  the  probability  of  these  two  processes  is  considerably  less  than  for  the  reactions  involving  hypohalites  and 

the  correstMjndine  acids.  It  seems  that  only  the  reaction  HIO  +  H'*'  — >  I"*"  +  HoO,  can  have  real  signifi- 

^  ag  ag  ag  ‘  1 

cance  in  such  conditions.  As  regards  solutions  of  hyprobromous  acid,  the  analogous  reaction  of  cation  formation 
cannot  have  real  significance,  even  in  a  very  acid  medium  and  in  the  practical  absence  of  negatively  charged 
ions.  Suppose,  for  example,  that  we  have  a  unimolar  solution  of  HBrO,  in  which  the  hydrogen  ion  concentration 
is  also  unity.  Suppose  that  Br“  ions  have  been  removed  from  the  solution  by  means  of  a  silver  salt.  Then  at 
0.1  g-equiv./  liter;  =  5.10*“^*  and  consequently  =  10“®^  g"ion/  liter*. 

At  the  same  time  C  ,  in  accordance  with  the  hydrolysis  constant  for  bromine  (K  =  9.2*  10—*),  will  be 
Br2 

about  5  *  10“^  molar.  It  is  difficult  to  believe  that  in  such  solutions  the  brominating  action  is  due  to  bromine 
cations  and  is  not  associated  with  the  action  of  elemental  bromine. 

It  is  still  less  likely  that  in  acid  solutions  of  hypochlorous  acid,  from  which  Cl"”  anions  have  been  re¬ 
moved  by  means  of  a  silver  salt,  the  chlorinating  agent  is  the  Cl'*’  cation  and  not  elemental  chlorine.  Let  us 
consider,  for  example,  the  conditions  used  by  De  la  Mare,  Hughes,  and  Vernon  [16].  As  far  as  can  be  deduced 
from  their  data,  their  solutions  had  the  following  composition:  ~  2  •  10“®;  ®  ^H+~ 

10 "Z,  Hence,  assuming  ~  ‘  have  Cq_  -  2  •  10“ *.  Taking  the  hydrolysis  constant  of 


•  The  solubility  product  of  AgBr  is  5  *  10“^® . 
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chlorine  to  be  4.8  •  10  *  [^],  we  find  that  the  concentration  of  elemental  chlorine  in  the  solution  is  about  10“® 
mole/  liter.  At  the  same  time,  if  we  take  the  equilbrium  constant  for  the  reaction  HClO^g  +  Cl 

+  H2O1  to  be  1.0“^,  we  find  that  CQ+has  a  value  of  2  •  10“^*.  Calculation  shows  that  in  such  a  solution  there 
will  be  5  *10'*  chlorine  molecules  per  Cl^  ion. 

TABLE  1 

Values  of  AZ** ,  Used  for  the  Calculations 


Process 


2  ^2g-*'Hg 


+  ?  .... 
..... 

HaO,  .^K^  +  OH-g. 

H2O1 


»8 


H, 


2  ^2g- 


2  ^2  2+  2 
Cl 


2  ‘*2g 

2  '^*2g- 


OH“ 

aq 


2  ®*^2  1 
1 

I. 


2  *2cr~*‘g 
Cl  ->Cl++e 
Brg-*-Brg  -\-e 

<h 


+  « . 


Cl 


g 


2g- 


Cl 


2a 


Br 


Br. 


g 


2g  ->■  ij‘2aqt 

*2  aq"*”  • 

-Cl 

2  '"*2g 
1 

2  j  ”l~  ^  BflCf 


o  ClofT  6  — >  C||q 


2  I  2  1 4-c-^  laq  •  •  . . . . 

1  11 

H2  g  +  -y  CI2  g+  y O2  g->  HClOaq(undissociated) 
11  1 

y  Il2g  +  y  0^2  1  +  ~2~  ^2  g"^  HBr  O  aq(  undissociated) 
1  1  1 

2  *^2g+  2  *2  1 +y  02g-*- HI  Ogq(  undissociated) 

1  1 


2  Cl2g+  2  ^2g+®"^G10aq 
1  1 
2  1^12  1"^“  2 


aq 


1 


2  *21  +  2  ^2g+2-^J9iq  •  •  •  ' 
Cl2aq+  H2O1  ->HC10gq4-  Ha+q+  Cl" 


AZ* 

(kcal/  g-ion: 
kcal/  mole: 
kcal/  g-atom) 


-1-48.6 

-1-812.1 

—266.0 

-1-19.1 

—66.6 

-^37.3 

-1-26.2 

4-19.9 

4-16.7 

4-299.3 

4-272.6 

4-240.6 

4-1.6 

4-0.99 

4-3.9 

—31.3 

—24.6 

—12.8 

—19.2 

—19.9 

—23.3 

—9.2 

—8.0 

—8.3 

4-4.5 
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TABLE  1  (continued) 


A/L“ 


Process 


(kca]/ g-ion; 
Real/  mole; 
Real/  g-atom) 


1- HBrO„q+ *4^  +  BrJ,, 

•zaqf  HzO,  .  . 

HCIQq-IiJ+ClOa, . 

»B'<4q-*HaV®'-°aq . 

Hl(4q^J%Vl-I07, . 

^^2g~^~  2  ^2  g“^  ^^2^30 . 

(/•«,=  1.38 A)  .  .  .  , 


-1-11.2 

-1-24.9 

-f9.9 

-1-11.9 

-1-15.0 

-f22.3 

—120.0* 


Br+. 

1. 


.8  ,  aq 

Itq 

I  +  _>I  + 
g  aq 


(r„=1.93A) 

(r„=1.65A) 

(r„=1.93A) 

(r„=].70A) 


—95.0* 


—108.0* 

—85* 

—98* 


If  it  were  possible  to  have  solutions  of  hyprochlorous  acid  containing  no  chloride  at  all,  then  in  a 
sufficiently  acid  medium  appreciable  amounts  of  positive  chlorine  ions  would  be  formed.  In  such  a  case  Cf^ 
ions  might  possibly  play  a  significant  role  in  oxidation  processes,  including  the  bleaching  of  cellulose  in  accord¬ 
ance  with  the  scheme  put  forward  by  Nekrasov  and  Nagatkin  [6J.  However,  the  solutions  of  hypochlorite  and 
hypochlorous  acid  generally  used  for  bleaching  contain  considerable  amounts  of  chloride.  Therefore  positive 
chlorine  ions  cannot  play  any  practical  part  in  oxidation  and  bleaching  processes  in  such  cases. 


Let  us  examine,  for  example,  the  results  of  investigations  of  oxidation  potentials  in  hypochlorite  solutions 
at  different  pH  values  [43-45J. 

The  data  in  Tables  1  and  2  can  be  used  to  calculate  the  normal  oxidation  potential  +  y  for  rhe 


electrochemical  process  involving  pxjsitive  chlorine  ions; 
value  of  {p^ 


Cl~  .  It  is  found  to  be  -h2.8  v.  This 

ag 

+  _  shows  that  positive  chlorine  ions  should  have  relatively  great  oxidizing  power.  It  might 

V-*1  j  C_»l 

therefore  be  expected  that  even  very  small  amounts  of  positive  chlorine  ions  should  influence  the  value  of  the 
oxidation  potential  and  the  laws  governing  its  variation  in  aqueous  solutions. 


Since  the  activity  of  Cl'*'  ions  is  related  by  thermodynamic  laws  to  the  activities  of  tlie  other  solution 
components,  such  as  HCIO  or  C10“",  the  oxidation  potential  should  vary  according  to  a  definite  law  with 
variations  of  the  activities  of  HCIO  and  CIO”.  For  example,  it  could  be  represented  by  the  equations: 


0  0.058 

'?  =  'Phcio/C1-H - 


^HCIO 

®ci~ 


0.058 

-2-P« 


or 

«  0.058 

—  'PCIO-/C1-+  — o — - 0.058  pH, 

i.  "  «CI- 

•  These  values  correspond  to  enthalpy  changes  in  ion  solvation.  The  values  of  Xg  —  ^ag*  assumed  in  the  paper 
of  Bell  and  Cells  for  Cl'*',  Br and-l'*'  processes  are:  —120,-111,  and  98  kcal/g-ion  for  Cl'*',  Bi^,  and  I^  respec¬ 
tively. 
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Standard  Changes  of  Thermodynamic  Potentials  in  Processes  of  Positive  Chlorine  Ion 
Formation 


2  ^^2  g" 


^*2aq^  4q  +  ' 

HCI03^G^+  +  0I^“ 


CIO-  +  2H  +  G1+  +  H2O, 

aq  '  aq  aq  ^1 


2C10-+HC10,,->Cl,*  +  2C|-  +  0I^-+02g  . 
Clj0^q+2CI0-^Cl+^+C10^^^+2ClJ^  .... 
2HCl(^q+  2C10^^  0^^+  ClOJ-qqf  2Clg  + 


AZ* 

(kcal/ 

g-ion) 

Order  of 
magni- 
tucfe  of 
equilib  - 
rium 
constant 

AZ* 

(kcal/  g-ion) 

[calculated 
from  Bell  and 

Cells’ data)* 

+98.1 

1 

o 

+97:8 

+65.2 

10-48 

+65.0 

+79.9 

OO 

1 

o 

+78.9 

+60.7 

1 

o 

+59.9 

+66.6 

10-41 

+55.8 

+50.7 

10-37 

+49.9 

+117.3 

00 

1 

o 

+116.5 

+57.6 

10-42 

+56.8 

+26.6 

10-19 

+25.7 

+22.4 

10-16 

+21.6 

+35.5 

10-28 

+34.7 

+31.4 

10-23 

— 

+35.7 

10-26 

— 

where  —and  ""  are  the  normal  potentials  of  the  electrochemical  equilibria 

HCIO/  Cl  ClO'^Cl 


HCIO  +  H+  +  2e  — ►  cr  +  HoO,  and  C10“  +  2H  +  +  2e 
ag  ag  <-  ag  '  1  ag  ag 

data  [38]. 


Cl“  +  HjOl,  known  from  tabular 

ag 


In  an  investigation  carried  out  with  the  participation  of  one  of  the  present  authors  [43]  it  was  shown  that 
the  oxidation  potential  of  hyprochlorite  solutions  does  not  conform  to  the  electrochemical  equations  given 
above,  from  the  alkaline  region  to  pH  values  of  about  3.5. 


•  In  these  calculations  values  of  AZ°  are  taken  from  Bell  and  Cells’  paper  for  the  following  processes: 

1)  Cl2a  -♦  2C1  +  50.4  kcal  /  mole,  2)  Cl  — ♦  Cl^  +  e  +  300  kcal  / g-ion,  and  3)  C1+  — ►  C1+ — >  120 

°  O  GO  O  “O 

kcal  /  g-ion. 

The  calculations  also  include  our  assumed  values  of  AZ**  for  the  following  processes:  4)  —  H2g~>  Hg  +  48.1 
kcal/g-atom,  5)  H  ->  +  e  +  312  kcal  /  g-ion,  and  6)  256.0  kcal  /  g-ion. 

o  o  o 


/ 


TABLE  3 

Standard  Changes  of  Thermodynamic  Potentials  in  Processes  of  Positive  Bromine  Ion 
Formation 


Process 

AZj** 

(kcal/ 

5-iorO 

A2? 

(kcal/*  * 
g-ion) 

Kl* 

(order 
of  m£g 
nitudq 

Kz* 

'order  of 
magni¬ 
tude)  • 

4-Br2i c . 

-1-90.2 

4-79.1 

10-69 

10-68 

B*'2acr^  B^aq“l~  B^aq 

-1-64.6 

4-55.5 

10-47 

10-40 

HBr(i(,^B%+  +  OH- . 

-f72.5 

4-61.4 

10-53 

10-45 

«BrO,q+IJ+^B5+  +  H,Ol . 

-1-53.5 

-f42.4 

10-39 

10-31 

2Br9-+HBrq^^Br3+^+2Br-+0I^-  +  02g  .  . 

4-39.3 

4-28.2 

10-29 

10-21 

HBrOaqj- BrC^q-^  Br^-f  -^Ogg .  . 

4-55.9 

4-44.8 

10-41 

10-33 

2HBrOa,+  Brq-  -  Bj+  +  2B^- +  HjOj  +02^.. 

4-32.2 

4-21.1 

10-24 

10-15 

BrO- -I-  Ht  Br+  -f-  OH“ . 

4-60.6 

4-49.5 

10-44 

10-36 

2HBrChq+  2BrC^q^  Br^q-f  2Br^qt-Br0^aq-}-  HgOi 

4-40.2 

4-34.1 

10-29 

10-25 

. 

4-41.6 

4-30.0 

10-30 

10-22 

Anodic  and  cathodic  polarization  curves  for  a 
platinum  electrode  in  acid  hypochlorite  solu¬ 
tion,  A)  Current  strength  I  (in  ma),  B)  poten¬ 
tial  <p  (in  v). 


A  similar  conclusion  follows  from  the  results  of 
our  experiments  on  the  polarization  of  a  platinum 
electrode  in  acid  hypochlorite  solution  at  pH  1.63  (see 
Figure).  If  electrode  processes  involving  Cl"^  ions  are  of 
real  significance  in  these  conditions,  it  would  be  expected 
that  in  cathodic  polarization  of  the  electrode  we  would 
first  meet  processes  in  which  these  ions  are  involved. 

Examination  of  the  cathodic  polarization  curve 
shown  in  the  Figure  indicates  that  the  middle  point  on  the 
first  inflection  on  the  curve  corresponds  to  a  potential  of 
1.1  V  against  a  saturated  calomel  electrode,  or +1.36  v 
against  the  potential  of  a  standard  hydrogen  electrode. 

This  is  almost  exactly  equal  to  the  normal  potential  for 
the  process  Cl2ag  ''  2c  —  2Clag.  Therefore  it  may  be 
concluded  that  the  first  ascent  of  the  cathodic  polariza¬ 
tion  curve  corresponds  to  a  process  which  does  not  involve 
chlorine  cations,  and  is  due  to  reduction  of  elemental 
chlorine.  This  confirms  the  earlier  conclusion  that  in  these 
conditions  the  real  oxidizing  agent  is  molecular  chlorine. 


The  authors  express  their  deep  gratitude  to  A.  A.  Grinberg  and  B.  V.  Nekrasov  tor  discussion  of  tlie  ques¬ 
tions  considered  in  this  paper. 


•  Calculated  for  the  condition  that  n|^=  8.0;  1.93  A  (AH-^yjj.  5r+=“95  kcal./g-ion). 

•  •Calculated  for  the  condition  that  n|^=8.0;  r^=1.65  A  (aH^  jj.  gj.+ =-108  kcal./g-ion).  r.  is  1.10  A  in  both 
cases. 
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TABLE  4 

Standard  Changes  of  Thermodynamic  Potentials  in  Processes  of  Positive  Iodine  Ion  Formation 


AZ\* 

'^kcal/ 

g-ion) 

AZ^®*  * 

Ki* 

Kz** 

Process 

kcal/ 

g-ion 

or(^r 

order  o 
magni  - 

Esr* 

tuoe 

"r^2cr-^5,q +« . 

-f67.6 

-f54.5 

10-80 

10-40 

*2aq-»‘^q+Iaq . 

-1-50.9 

-f37.8 

10-37 

10-28 

HiO,„-».I  +  +  OH7„ . 

aq  aq  '  aq 

«'Oa<,+  Hat-*aq+“«Ol  '  '  '  ; . 

-1-53.3 

-1-40.2 

10-30 

10-20 

-f34.3 

-1-21.2 

10-25 

10-18 

. 

-1-19.3 

-1-7.2 

io-i< 

10-6 

‘%+«it-‘a",+  0«rq . 

-1-38.3 

-f25.2 

10-28 

10-10 

«Orq+HIO,,-*  I+  +  "Tq+°“a”,+  °0g+"'a-,  ' 

-1-45.3 

-1-32.2 

1 

o 

10-24 

'H>Oaq+«Orq-Cq+^q+HaO^,+  °ag  •  •  •  ■ 

-f40.3 

-1-27.2 

10-29 

10-20 

HlO  +l0-->I  +  -l-0H“  +  -^02e4-T  -  .  .  .  . 
aq  aq  aq  aq  ^  '‘8'  *aq 

-1-61.6 

-1-48.5 

10-45 

10-35 

2HIO  +2IO“-».  I+4-2I7q-1- lOJ  -l-HaOi  .  .  . 
aq  aq  aq  “m 

-fl6.8 

•4-3.7 

10-12 

10-3 

SUMMARY 

1.  The  thermodynamic  probability  of  the  existence  of  positive  halogen  ions  in  aqueous  solutions  is  low. 
The  tendency  to  formation  of  these  cations  diminishes  from  iodine  to  chlorine.  Thermodynamic  calculations 
show  that  the  most  likely  processes  of  halogen  cation  formation  in  aqueous  -solutions  are  processes  involved  in 
interactions  of  hypohalites  and  their  corresponding  acids. 

2.  Thermodynamic  calculations  and  electrochemical  studies  on  hypochlorite  solutions  such  as  are 
commonly  used  for  bleaching  cellulose  and  fabrics  did  not  confirm  the  hypothesis  that  positive  chlorine  ions 
take  active  part  in  oxidation  processes  taking  place  in  these  solutions. 
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INVESTIGATION  OF  THE  CAUBONATION  OF  SODI U  M  C  A  RB  O  N  A  T  E 
SOLUTIONS  IN  FOAMING  CONDITIONS 


M.  E.  Pozin,  B.  A.  Kopylev,  and  E.  Ya.  Tarat 

The  absorption  of  carbon  dioxide  by  sodium  carbonate  solutions  is  an  example  of  the  absorption  of  a 
sparingly  soluble  gas.  Many  papers  have  dealt  with  this  process  [1-6J,  both  because  of  its  practical  significance 
and  of  its  special  interest  from  the  theoretical  aspect.  Despite  this,  searches  for  suitable  equipment  and  physico¬ 
chemical  conditions  for  rapid  carbonation  of  soda  solutions  are  still  of  topical  importance.  Moreover,  the  litera¬ 
ture  contains  no  data  on  the  rate  of  tliis  process  when  it  is  accompanied  by  crystallization  of  sodium  bicarbonate. 

It  was  therefore  desirable  to  study  the  course  of  thecarbonation  of  soda  solution  in  foam  equipment. 

The  foam  method  for  the  treatment  of  gases  and  liquids  is  one  of  the  most  effective  methods  for  carrying 
out  rapid  absorption  processes  [7-8j.  However,  because  of  the  low  solubility  of  carbon  dioxide  and  the  brief 
phase  contact  time  in  the  foam  apparatus,  it  is  necessary  to  use  special  conditions  for  attaining  a  high  degree  of 
carbonation  of  the  solution.  Therefore  the  absorption  of  carbon  dioxide  by  soda  solutions  was  studied  not  only 
under  the  normal  operating  conditions  for  the  foam  apparatus  [8J,  but  also  at  considerably  higher  gas-liquid 
ratios,  attainable  under  laboratory  conditions  in  the  foam  apparatus  without  liquid  circulation,  i.e.,  in  the  treat¬ 
ment  of  a  definite  volume  of  liquid  in  the  apparatus  with  a  large  amount  of  gas. 

Analysis  of  the  literature  data  shows  that  considerable  intensification  of  the  process  in  question  is  possible 
by  carrying  it  out  in  foam  equipment.  For  example,  in  absorption  of  carbon  dioxide  by  soda  or  potash  solutions 
in  bubbling  or  scrubbing  equipment  the  absorption  rate  is  controlled  by  the  rate  of  the  processes  in  the  liquid 
phase  [2-4].  At  the  same  time,  Kishinevsky  and  Novik  [5]  note  that  at  high  turbulence  of  the  liquid  stream  the 
rate  of  the  process  is  determined  mainly  by  the  physical  solubility  of  the  gas  in  the  liquid,  and  at  low  turbulence, 
by  the  concentration  factor.  The  rate  of  absorption  of  carbon  dioxide  by  soda  solution  in  a  vessel  with  a  stirrer 
increases  considerably  with  increasing  turbulence  of  the  system.  At  rates  of  stirring  up  to  1450  revolutions/minute 
the  absorption  rate  increases  with  increasing  soda  concentration  in  the  solution.  At  stirrer  speeds  above 
1450  revolutions/  minute  the  reverse  was  found  -  the  absorption  rate  decreased  with  increasing  soda  concentration 
in  the  solution. 

However,  the  absorption  coefficient  of  carbon  dioxide  by  0.5  N  soda  solution  at  a  stirrer  speed  of  2600 
revolutions/  rr.inute  does  not  exceed  the  value  reached  in  a  packed  coltimn  at  a  liquid  rate  of  about  750  liters/ 
m*‘  minute  [6J.  It  follows  that  the  degree  of  turbulence  of  the  liquid  in  a  blade  mixer  at  the  maximum  stirrer 
speed  does  not  exceed  the  turbulence  attained  in  packed  towers  at  high  liquor  rates. 

As  is  known, ^in  foam  equipment  the  gas  and  liquid  form  a  mobile  foam,  resulting  in  high  turbulence  of 
both  phases  and  the  'development  of  a  large  interphase  area.  The  configuration  and  magnitude  of  the  interphase 
vary  continuously.  In  consequence,  the  interphase  surface  is  being  continuously  reformed  and  destroyed.  This 
ensures  its  continuous  renewal  and  a  much  more  vigorous  breakdown  of  the  interphase  surface  by  the  turbulent 
currents  than  is  attainable  in  a  mechanical  blade  stirrer  even  at  the  highest  rotation  speeds.  In  consequence,  the 
rates  of  diffusion  processes  per  unit  volume  of  the  equipment  are  much  higher  in  the  foam  apparatus  than  in 
absorbers  with  stirrers  or  other  equipment  designed  to  create  contact  between  gas  and  liquid. 


EXPERIMENTAL* 


Experiments  in  foam  apparatus  with  liquid  circulation.  A  diagram  of  a  laboratory  unit  for  absorption  of 
carbon  dioxide  in  soda  solutions  is  given  in  Figure  1,  The  foam  apparatus  consisted  of  a  dismountable  glass 
column,  1,  43  mm  in  diameter,  separated  into  two  parts  by  a  horizontal  grid.  The  grid  was  made  from  vinyl 
resin,  5  mm  thick.  It  had  openings  5  mm  in  diameter  spaced  12  mm  apart.  The  perforated  surface  of  the  grid 
was  equal  to  the  cross  section  of  the  apparatus,  i.e.,  0.00145  m^  The  open  cross  section  of  the  grid  was  15.6% 
of  the  total  area.  The  height  of  the  weir  in  the  apparatus  for  supporting  the  foam  on  the  grid  was  determined 
by  the  distance  from  the  grid  to  the  overflow  orifice. 

Carbon  dioxide  was  supplied  from  the  cylinder,  ^through  the  flow  meter, 3, into  the  mixing  vessel ,5,  where 
it  was  mixed  with  air  entering  through  the  meter,  4.  The  air  was  drawn  in  by  means  of  a  fan  installed  at  the  end 
of  the  system.  From  the  mixing  vessel  the  gas  mixture  entered  the  lower  compartment  of  the  foam  apparatus. 

The  gas  after  absorption  was  withdrawn  from  the  upper  compartment.  The  soda  solution  was  fed  into  the  ap¬ 
paratus  from  a  header  vessel  through  the  meter, 6.  The  spent  liquor  was  taken  through  the  overflow  chamber,?, 
and  foam-breaking  vessel,8,into  the  receiver,9.  The  rarefaction  over  and  under  the  grid  was  measured  by  means 
of  the  maonometers,10.  The  temperatures  of  the  streams  were  measured  by  the  thermometers, 11.  The  experi¬ 
mental  results  were  calculated  from  analytical  data  for  the  gas  and  liquid  before  entering  and  after  leaving  the 
the  apparatus  [9J.  The  sampling  tubes,  12, were  used  for  withdrawing  gas  samples  before  and  after  absorption. 

The  samples  of  liquid  before  absorption  were  taken  wlien  the  liquid  was  poured  into  the  header  vessel,  and  after 
absorption,  through  the  stopcock, 13.  Evacuated  bulbs  were  used  for  sampling  the  gas.  Carbon  dioxide  in  the  gas 
samples  was  absorbed  in  standard  barium  hydroxide  solution,  and  the  excess  was  titrated  with  hydrochloric  acid. 

For  analysis  of  the  solution,  two  samples  were  titrated.  The  total  alkali  was  determined  in  one  sample,  and 
the  amount  of  bicarbonate  after  precipitation  of  the  soda  with  barium  carbonate  in  the  other. 

An  earlier  paper  [10]  contained  data  on  the  variations  of  the  efficiency  n  of  the  plate  of  the  foam  apparatus, 
and  the  absorption  coefficient  K  per  1  m^  of  grid  area  or  1  m^  of  the  volume  of  the  apparatus,  with  the  concen¬ 
tration  of  carbon  dioxide  in  the  gas  and  the  linear  gas  velocity.  These  experiments  showed  that  if  the  process  is 
carried  out  with  liquid  flowing  through  the  apparatus,  when  the  period  of  contact  between  the  gas  and  liquid  is 
short,  both  the  liquid- phase  efficiency  tj  g  and  the  gas- phase  efficiency  ij  g  of  one  shelf  of  the  apparatus  is  low. 

The  values  found  were  0.9- 2.5%  for  rig  and  4.0-6. 5%  for  j,  at  a  liquid  rate  of  20  liters/  hour,  baffle  height 
60  mm,  with  145-150  g  NagCOs  and  3,0- 3.4  g  NaHC03  per  liter.  Under  these  conditions  the  absorption  co¬ 
efficient  increases  with  increasing  gas  speed  in  the  full  section  of  the  apparatus,  and  the  decreasing  concentration 
of  carbon  dioxide  in  the  gas,  the  values  being  5-  7  times  the  values  of  the  coefficients  of  absorption  in  bubbling 
equipment  [4J.  This  is  evidently  explained  by  the  increased  turbulence  of  the  system  and  greater  foam  height 
v/ith  increase  of  the  linear  gas  velocity. 

The  purpose  of  the  experiments  described  below  was  to  determine  the  possibility  of  increasing  the  plate 
efficiency  by  increasing  the  liquid  rate,  and  to  establish  the  conditions  for  absorption  of  carbon  dioxide  in  soda 
solution  in  the  foam  apparatus  with  simultaneous  crystallization  of  sodium  bicarbonate. 

In  Figure  2  the  gas- phase  and  liquid-phase  efficiencies  T)g  andrjj  per  plate  of  the  foam  apparatus  are 
plotted  against  the  amount  of  liquid  feed  (or,  which  is  the  same  thing,  the  liquid  flow  rate),  at  a  gas  velocity 
of  2.5  m/  second  in  the  full  section  of  the  apparatus,  for  different  CO  2  concentrations  in  the  gas.  It  is  seen  that 
7]g  increases  with  increasing  liquid  feed  rate,  the  increase  being  greater  at  lower  concentrations  of  carlx)n 
dioxide  in  the  gas.  Thus,  for  an  increase  of  the  liquid  feed  rate  from  6  to  20  liters/  hour  (corresponding  to  an 
increase  of  the  flov/  rate  from  0.6  to  2  m^/  m  Jiour)  is  trebled  (from  0.31  to  0.93"/^  if  the  gas  contains  27-  28% 

CO  2;  if  the  gas  contains  10-11%  CO2,  increases  a  factor  of  over  4  (from  0.41  to  1.75%).  Here  the  abso¬ 

lute  value  of  T)]  increases  with  increasing  CO2  content  in  the  gas. 

These  data  refer  to  relatively  low  liquid  flow  rates  (from  0.6  to  2  m*/  m-hour).  It  was  therefore  of  interest 
to  determine  the  efficiencies  at  higher  liquid  flow  rates  and  lower  contents  of  Na2C03  in  the  solution,  i.e.,  in 
conditions  in  which  highest  plate  efficiencies  are  attainable.  In  Figure  3  the  gas- phase  efficiency  is  plotted 
against  the  gas  velocity  in  the  full  section  of  the  apparatus  for  different  liquid  flow  rates.  The  absorbent  in  these 
experiments  v/as  1  N  ?oda  solution;  the  concentration  of  carlxtn  dioxide  in  the  gas  was  28-  29%^ 


♦  M.  A.  Petrova  and  V.  S.  Bogorad  took  part  in  the  experimental  v.'ork. 
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Fig.  1.  Diagram  of  laboratory  unit  for  carbonation  of  soda  solution  in  a  foam 
apparatus. 

1)  Foam  apparatus  with  grid,  2)  CO2  cylinder,  3)  CO2  flow  meter,  4)  air  flow 
meter,  -5)  mixing  vessel,  6)  liquor  flow  meter,  7)  overflow  chamber, 

8)  foam- breaking  vessel,  9)  receiver,  10)  manometers,  11)  thermometers, 

12)  gas  sampling  tubes,  13)  stopcock  for  liquid  sampling,  14)  coil  for  gas 
preheating,  15)  spray  trap,  16)  diaphragm  with  differential  manometer, 

17)  constant- level  header  vessel,  18)  tube  for  gas. 

It  follows  from  Figure  3  that  an  increase  of  the  liquid  rate  from  20  to  100  liters/  liour,  corresponding  to  an 
increase  from  2  to  10  m^/  m-hour.  raises  the  efficiency  from  about  0.015  to  0.04  at  gas  velocity  w  =  0'75  m/sec 
Til'  absolute  efficiency  falls  sharply  with  increasing  gas  velocity.  At  w  -  3.5  m/ second  the  plate 
efficiency  is  0.015  at  a  liquid  rate  of  100  liters/  hour. 

Variations  of  gas- phase  efficiency  with  the  amount  of  liquid  supplied,  at  different  gas  velocities,  are  plotted 
in  Figure  4.  It  should  also  be  iiotcd  that  the  degree  of  bicarbonation  of  the  solution  on  one  plate  of  the  apparatus 
did  not  exceed  0.05-0.07. 

The  values  obtained  for  the  gas- phase  and  liquid- phase  plate  efficiencies  indicate  that  although  the 
absorption  of  CO2  in  soda  solution  is  greatly  intensified  in  the  foam  apparatus,  the  degree  of  turbulence  attained 
is  not  enough  to  give  a  high  degree  of  interaction  between  the  gas  and  liquid  on  one  plate  of  the  apparatus.  The 
degree  of  absorption  of  carbon  dioxide  by  soda  solution  on  one  plate  of  tire  foam  apparatus  does  not  exceed  0.05 
even  at  high  liquid  flow  rates;  this  was  reported  earlier  [11  j.  Finder  sucli  conditions  the  apparatus  should  have 
50-60  plates  to  give  a  degree  of  carlxmization  of  about  o.95  (on  the  assumption  tliat  the  efficiency  of  one  shelf 
is  0.05).  It  follows  that  foam  apparatus  operating  at  a  high  gas  velocity  (of  the  order  of  1.5- 3.0  m/  second)  and 
high  liquid  flow  rate  is  unsuitable  for  carbonation  of  soda  solution.  This  is  because  of  the  sltort  contact  time 
between  the  phases  under  such  conditions,  the  relative  low  absolute  value  of  the  coefficient  of  absorption  of 
carbon  dioxide  by  soda  solution,  and  of  the  consequent  need  for  prolonged  treatment  of  the  liquid  with  the  gas. 

The  time  for  the  passage  of  the  gas  through  the  foam  layer  on  the  plate  of  the  foam  apparatus  is  only 
0.05-0.1  second.  The  time  during  which  the  liquid  remains  on  the  grid  is  considerably  greater,  and  may  be, 

7.5  seconds  at  a  liciuid  flow  rate  of  2  rn^/ m-hour  (corresponding  to  a  feed  rate  of  20  liters/ hour)  with  a  weir 
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Fig.  2.  Variations  of  gas- phase (7]g)  and 
liquid- phase  )  efficiencies  with  the 
amount  of  liquid  fed  into  the  apparatus, 
w  =  2.5  m/  second,  c  cii  150  g/ liter, 

^NaHCO,  =3-4g/Uter. 

A)  Gas  -  phase  or  liquid- phase  efficiency 
(fractions  of  unity),  B)  liquid  feed  rate 
(in  liters/ hour). 

1  and  4)  and  tj  ^  for  27-28%  CO2  in  the 

gas,  2  and  3)  the  same,  with  10-11%  COj 
in  the  gas. 


Fig.  3.  Variation  of  gas- phase  efficiency  with 
linear  gas  velocity  in  the  full  section  of  the  ap¬ 
paratus  at  different  liquid  feed  rates. 


c  =52.7-53.2  g/ liter,  c,^, 

Na2C03  NaHCOs 


4.6-5. 4  g/ liter. 


c  --=28-29%,  grid  5/ 2, 


h^  =  220  mm,  diameter  of  apparatus  38  mm. 


A)  Gas- phase  efficiency  (fractions  of  unity) 

B)  linear  gas  velocity  in  full  section  of  apparatus 
(in  m/  second). 

Liquid  feed  rate  (in  liters/  hour)  1)  20  ,  2)  40  ,  3) 

100. 


A 


Fig.  4.  Variation  of  the  gas- phase  efficiency  with  the 
amount  of  liquid  fed  into  the  apparatus  at  different 
linear  gas  velocities  in  the  full  section  of  the  apparatus. 

-^NaCO,  =52.7-53.2  g/ lire,,  =  4.6-5.4  g/ 

liter,  c  =  28-29%,  grid  5/  2,  h  =  220  mm,  diameter 
C.U2  I 

of  apparatus  38  mm. 

A)  Gas- phase  efficiency  (in  fractions  of  unity),  B)  liquid 
feed  rate  (liters/  hour). 

Linear  gas  velocity  in  full  section  of  the  apparatus  (in 
m/  second):  1)  1,  2)  2,  3)  3. 


GO  mm  iiigli.  Tiie  experimental  data  given  here 
show  that  this  latter  time  is  not  enough  to  give  a 
liigli  degree  of  treatment  of  the  solution.  The  pur¬ 
pose  of  the  subsequent  experiments  was  therefore  to 
establish  the  time  necessary  for  adequate  carbonation 
of  the  soda  solution  in  the  foam  equipment. 

Experiments  in  foam  apparatus  without  liquid 
circulation.  For  determination  of  the  time  necessary 
for  carbonation  of  the  soda  solution,  in  these  experi¬ 
ments  the  gas  was  passed  at  a  definite  velocity  through 
a  definite  volume  of  liquid.  In  these  experiments  50, 
100,  and  125  ml  lots  of  solutions  of  different  degrees 
of  bicarbonation  were  put  into  the  foam  apparatus  witli 
the  overflow  orifice  closed.  The  relationship  between 
the  degree  of  bicarbonation  of  the  solution  and  the 
height  of  the  foam  layer  could  be  determined  by 
variations  of  the  amount  of  solution  used.  The  gas 
velocities  in  the  full  section  of  the  apparatus  were 
1.5  and  2.5  m/  second.  The  carbon  dioxide  concen¬ 
tration  in  the  gas  was  25-30%.  The  carbonate- 
bicarbonate  ratio  in  the  solution  was  varied  over  a 
wide  range,  lire  initial  solution  having  a  concentration 
of  150-170  g/  liter.  By  the  use  of  solutions  with 
different  bicarbonate  contents  it  was  possible  to  sub¬ 


divide  the  whole  bicarbonation  process  into  separate  intervals.  Average  data  based  on  a  series  of  parallel  experi¬ 


ments  on  carbonation  of  soda  solutions  in  a  column  without  liquid  circulation  are  given  in  the  Table. 


The  variation  of  the  degree  of  bicarbonation  of  the  soda  in  the  original  solution  with  time  is  plotted  in 
Figure  5.  It  is  seen  that  the  degree  of  bicarbonation  as  a  function  of  time  is  represented  by  a  broken  line 
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Absorption  of  Carbon  Dioxide  by  Soda  Solution  in  a  Model  Foam  Apparatus 
without  Licuid  Circulation,  as  a  Function  of  Time 

125  ml  of  original  solution  containing  160  g  Na2C03  and  7  g  NaHCOs  per  liter; 
linear  gas  velocity  in  full  section  of  apparatus  1 .5  m/  second 


Time 
( minutes) 

Absolute 
pressure 
(mm  Hg) 

CO2  content  in 
gas  (vol.%) 

Degree 
of  bicar¬ 
bonation 

Degree  o  ' 
utiliza¬ 
tion  of 
C02(<7„) 

Absorption 
coefficient 
(kg/  m*. 
hour.atm) 

1 

696 

26.0 

6.6 

1.1 

86.5 

3 

713 

24.3 

10.8 

0.75 

60.0 

5 

733 

25.2 

11.8 

0.48 

38.0 

10 

738 

25.2 

18.7 

0.41 

33.0 

14 

734 

23.1 

25.0 

0.60 

49.0 

18 

742 

29.3 

41.2 

0.82 

62.0 

20 

716 

28.9 

48.2 

0.86 

65.0 

21 

715 

29.3 

52.2 

0.92 

69.0 

24 

675 

28.8 

61.9 

1.05 

78.6 

26 

715 

29.2 

68.7 

1.10 

82.3 

31 

748 

31.8 

85.0 

1.20 

87.0 

consisting  of  straight  lines  with  different  slopes.  The  intersection  of  the  lines  approximately  corresponds  to  a 
degree  of  bicarbonation  at  which  the  solution  is  saturated  with  bicarbonate  and  precipitation  of  tlie  latter  begins. 
Partial  evaporation  of  the  water  took  place  during  the  experiments  and  saturation  of  the  solution  was  accelerated 
as  a  result  of  this  concentration.  The  total  salt  content  of  the  solution  begins  to  decrease  from  the  instant  at 
which  the  solution  becomes  saturated  with  bicarbonate.  As  a  result  the  physical  solubility  of  carbon  dioxide  in 
the  liquid  phase  increases  (relative  to  its  solubility  in  the  saturated  solution  before  the  start  of  crystallization  of 
the  bicarbonate),  and  this  leads  to  acceleration  of  the  bicarbonation  process. 

Indirect  confirmation  of  this  is  provided  by  the  higher  solubility  of  carbon  dioxide  and  higher  values  for  the 
absorption  coefficient  of  carbon  dioxide  in  water  than  in  soda  solutions  [5,  6J,  Therefore  the  physical  solubility 
of  carbon  dioxide  and  the  bicarbonation  rate  increase  with  decreasing  total  salt  content  and  the  corresponding 
increase  of  the  amount  of  water  in  solution.  For  a  characterization  of  the  rate  of  the  process,  let  us  consider  the 
variation  of  the  absorption  coefficient  with  the  degree  of  bicarbonation  of  the  soda  solution. 

As  stated  above,  experiments  with  a  model  foam  apparatus  with  liquid  circulation  showed  that  the  absorp¬ 
tion  process  is  accelerated  with  increasing  liquid  flow  rate,  which  is  attributable  to  intensification  of  convective 
diffusion  in  the  liquid  phase.  Therefore  it  seems  likely  that,  in  absence  of  liquid  circulation,  absorption  of  carbon 
dioxide  by  soda  solution  will  be  retarded.  In  fact,  the  values  of  the  absorption  coefficients,  even  for  pure  soda 
solutions  containing  little  or  no  sodium  bicarbonate,  differ  from  the  values  obtained  in  the  first  series  of  experi¬ 
ments  in  the  carbonation  of  soda  solution  in  a  model  foam  apparatus  with  liquid  circulation.  The  value  of  the 
absorption  coefficient  found  in  these  experiments  at  a  linear  gas  velocity  of  2.5  m/  second  and  125  ml  of  liquid 
was  150  kg/ m*  hour. atm-,  for  absorption  time  of  1  minute,  and  60  kg/  ra^*  houfatm  •  for  a  carbonation  time  of 
3  minutes,  this  less  by  nearly  a  half  than  the  coefficient  of  absorption  found  in  experiments  with  liquid  circula¬ 
tion.  There  is  also  a  definite  regularity  in  the  variations  of  the  coefficient  of  absorption  under  the  influence  of 
various  factors.  As  is  seen  in  Figure  6,  the  absorption  coefficient  increases  with  increasing  gas  velocity.  Thus, 
if  the  apparatus  contains  100-125  ml  of  solution,  the  absorption  coefficient  is  increased  by  a  factor  of  almost  1.5 
when  the  gas  velocity  is  raised  from  1.5  to  2.5  m/  second,  for  a  carbonation  time  erf  1  minute.  This  is  evidently 
the  result  of  increased  turbulence  in  the  gas- liquid  system.  The  absorption  coefficient  also  depends  on  the  amount 
of  liquid  being  treated.  As  the  amount  of  liquid  on  the  grid  (plate)  of  the  apparatus  is  increased  up  to  a  definite 
limit,  the  height  of  the  foam  layer  and  the  contact  surface  between  the  gas  and  liquid  phases  increase.  The 
absorption  coefficient  per  1  m*  of  the  grid  or  1  m®  of  the  apparatus  volume  increases  accordingly.  It  follows  from 
Figure  6  that  the  absorption  coefficient  decreases  sharply  with  increasing  duration  of  the  process,  i.e,,  with  in¬ 
creasing  degree  of  bicarbonation  of  the  soda  solution. 
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Fig.  5.  Degree  of  bicarbonation  of  soda  solu¬ 
tion  in  foam  apparatus  without  liquid  circula¬ 
tion,  as  a  function  of  time. 

125  ml  of  the  original  solution  was  used,  with 
160  g  NajCOs  and  7  g  NaHCOs  per  liter. 

A)  Degree  of  bicarbonation  (%),  B)  time  (min  ). 

Thus,  whereas  after  1  minute  of  interaction 
between  125  ml  of  fresh  (uncarbonated)  solution  and 
carbon  dioxide,  at  a  gas  velocity  of  2.5  m/  second,  the 
coefficient  of  absorption  is  150  kg/  m**hour-atm»,  after 
3  minute  the  value  falls  to  60  kg/  m^.hour.atm*,  a  2,5' 
fold  decrease.  In  other  experiments  the  absorption 
coefficient  decreased  5  to  6- fold  in  10  minutes.  The 
degree  of  bicarbonation  of  the  soda  in  the  last  case  was 
11-19%.  This  degree  of  bicarbonation  corre<^onds  to  saturation  of  the  solution  (with  partial  evaporation  of  the 
water)  and  start  of  deposition  of  precipitated  bicarbonate.  It  follows  that  for  solutions  with  an  initial  sodium 
carbonate  content  of  160  g/  liter  the  coefficient  of  absorption  of  carbon  dioxide  is  decreased  approximately 
5"  fold  at  the  start  of  precipitation  of  sodium  bicarbonate,  as  compared  with  its  value  at  the  start  of  the  process. 
On  further  carbonation  of  the  solution,  absorption  of  carbon  dioxide  proceeds  with  simultaneous  crystallization 
of  sodium  bicarbonate.  This  results  in  a  decrease  of  the  total  salt  concentration  and  an  increase  of  the  sodium 
bicarbonate  concentration  in  the  solution.  As,  however,  the  solubility  of  sodium  bicarbonate  is  considerably  less 
than  the  solubility  of  sodium  carbonate,  the  solubility  of  carlxjn  dioxide  should,  as  stated  above,  increase  as 
crystallization  of  sodium  bicarbonate  proceeds  and  the  carbonate  content  of  the  solution  decreases.  This  should 
lead  to  an  inorease  of  the  coefficient  of  absorption  of  carbon  dioxide  during  crystallization,  relative  to  the  value 
for  bmarbonation  of  a  soda  solution  which  is  not  saturated  with  bicarbonate. 

The  Table  and  Figure  7  give  the  values  of  the  coefficient  of  absorption  of  carbon  dioxide  in  soda  solution 
as  a  function  of  the  degree  of  bicarbonation  of  the  sodium  carbonate  present  in  the  solution.  It  is  seen  that  in 
the  first  stage  of  the  process,  before  sodium  bicarbonate  starts  to  crystallize,  the  coefficient  of  absorption  of 
carbon  dioxide  by  soda  solution  containing  160  g  sodium  carbonate  per  liter  decreases  almost  3- fold.  As 
crystallization  of  bicarbonate  proceeds,  the  absorption  coefficient  increases  considerably.  On  the  other  hand, 
the  partial  pressure  of  carbon  dioxide  over  solutions  of  a  high  degree  of  bicarbonation  is  very  high,  and  this 
reduces  the  driving  force  of  the  process.  This  may  lead  to  a  decrease  of  the  performance  rate  of  the  apparatus, 
despite  the  increased  absorption  coefficient. 

The  results  obtained  for  the  bicarbonation  of  soda  solutions  in  foam  apparatus  without  liquid  circulation 
show  that  for  the  production  of  bicarbonate  in  foam  apparatus  the  solution  must  remain  in  the  apparatus  for  a 
sufficient  time. 

As  was  stated  earlier,  at  moderate  liquid  flow  rates  this  may  be  achieved  in  a  multishelf  apparatus,  con¬ 
sisting  of  a  very  large  number  of  plates.  At  very  low  liquid  flow  rates,  of  the  order  of  0.1- 0.2  m^  m*hour, 
and  with  suitable  weir  height,  the  necessary  time  during  which  the  liquid  remains  in  the  apparatus  can  be 


Fig.  6.  Variation  of  the  coefficient  of 
absorption  of  carbon  dioxide  by  soda 
solution  in  foam  apparatus,  with  the 
amount  of  original  solution. 

Original  solution  contained  150-160  g 
Na2C03  and  2. 0-2.8  g  NaHC03  per  liter 
A)  Absorption  coefficient  (kg/  m*'hour 
•atm),  B)  amount  of  original  solution 
(ml). 

Linear  gas  velocity  (in  m/  sec  ):  1  and 
3)  1.5;  2  and  4)  2.5. 

Carbonation  time  (min  ):  1  and  2)  3; 
3  and  4)  1. 
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Fig.  7.  Variation  of  the  coefficient 
of  absorption  of  carbon  dioxide  by 
soda  solution  as  a  function  of  the 
degree  of  bicarbonation. 

A)  Coefficient  of  absorption  (in 
kg/  m*«hour«atmO,  B)  degree  of 
bicarbonation  of  the  soda  (%). 


attained  with  a  small  number  of  plates.  The  time 
required  for  carboiiation  of  soda  solution  in  foam  ap¬ 
paratus  is  considerably  less  than  the  duration  of  the 
process  in  bubbling  equipment. 

It  follows  from  the  experimental  data  that  carbo- 
nation  of  a  soda  solution  containing  160  g  NajCOs 
per  liter  requires  30-40  minutes.  Even  if  the  dura¬ 
tion  of  the  carbonation  process  in  the  foam  apparatus 
is  taken  to  be  1  hour,  the  time  required  for  treatment 
of  the  solution  is  10-12  times  less  than  in  the  bubbl¬ 
ing  equipment  used  at  present.  The  dimensions  of 
the  equipment  will  be  correspondingly  smaller.  It 
should  be  noted  that  vigorous  treatment  of  the  solu¬ 
tion  in  the  foam  apparatus  at  high  ga^ velocities 
involves  incomplete  utilization  of  the  carbon  dioxide 
present  in  the  gas.  In  many  cases,  however,  there  is 
no  intention  to  utilize  the  carbon  dioxide  completely, 
as  waste  gases  are  used  for  carbonation  of  soda  solu¬ 
tions. 


SUMMARY 

1.  It  was  shown  in  a  study  of  the  rate  of  absorption  of  carbon  dioxide  by  soda  solution  in  foam  apparatus 
with  continuous  and  intermittent  liquid  feed  into  the  apparatus  that  absorption  of  a  sparingly  soluble  gas  is  much 
more  rapid  than  in  bubbling  equipment. 

2.  It  is  shown  that  the  coefficient  of  absorption  of  carbon  dioxide  by  soda  solution  in  foam  equipment  with¬ 
out  liquid  circulation  increases  (from  50  to  150  kg/m*« hour. atm-)  when  the  amount  of  liquid  treated  is  increased 
up  to  a  certain  limit  (from  50  to  125  ml  in  laboratory  conditions)  and  decreases  with  increasing  carbonation  time 
(up  to  saturation  of  the  solution  with  bicarbonate). 

3.  The  coefficient  of  absorption  of  carbon  dioxide  by  soda  solution  saturated  with  sodium  bicarbonate, 
i.e.,  with  simultaneous  crystallization  of  bicarbonate  from  the  solution,  increases  (from  33  to  ~  90  kg/  m**houp 
atm  )  with  Increasing  degree  of  bicarbonation  of  the  soda. 

4.  The  degree  of  bicarbonation  of  the  soda  solution  first  Increases  slowly  with  time  (until  the  solution 
becomes  saturated  with  bicarbonate),  and  then  begins  to  increase  at  approximately  3  times  the  previous  rate  as 
the  bicarbonate  crystallizes. 
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INFLUENCE  OF  MINERALIZERS  ON  THE  SINTERING  OF  THE  ZIRCONATES 

OF  ALKALINE  EARTH  METALS 


E.  K.  Keler,  N.  A.  Godina,  A,  K.  Kuznetsov,  and  A.  B.  Andreeva 

Alkaline- earth  zirconates  have  been  synthesized  by  Hofmann  [IJ  and  Megaw  12J,  who  studied  these  com¬ 
pounds  by  x-ray  diffraction  methods.  Hofmann  prepared  these  compounds  by  tlie  action  of  heat  on  mixtures  of 
zirconium  hydroxide  and  the  corresponding  carbonates  for  several  days  at  900". 

We  syntliesized  alkaline- earth  zirconates  by  the  action  of  heat  on  mixtures  of  zirconium  dioxide  with 
carbonates  for  2  hours  at  1100-1200  deg.  [3J.  The  x-ray  data  on  the  zirconates  obtained  in  tliis  way  were  in 
full  agreement  with  Hofmann's  data. 

For  the  practical  use  of  zirconates,  it  is  necessary  to  obtain  well- sintered  fired  bodies  from  them  at 
relatively  low  temperatures. 

Our  experiments  showed  that  the  reaction  of  zirconate  formation  proceeds  very  vigorously  at  1100-1200“ 
and  is  practically  completed  at  these  temperatures  within  2  hours.  However,  well- sintered  zirconates 
cannot  be  obtained  by  firing  even  at  1400  and  1500“.  The  influence  of  certain  mineralizing  additions  on  the 
sintering  of  alkaline- earth  zirconates  has  therefore  been  studied. 


EXPERIMENTAL 

Tlie  effects  of  B2O3,  CaF2,  Mn02  and  FeCl3  in  lowering  the  sintering  temperature  of  equimolecular  mixtures 
of  Zr02  and  (L'aCOs,  Zr02  and  BaC03,  and  Zr02  and  SrC03  were  studied. 

The  degree  of  sintering  was  characterized,  as  is  usual  in  ceramic  practice,  by  determination  of  the  open 
porosity.  The  effects  of  the  mineralizers  were  also  studied  by  combined  thermal  and  chemical  phase  analysis. 
The  zirconium  dioxide  used  in  the  mixtures  was  the  technical  product  containing  ZrOz.  For  comparison, 

some  experiments  were  carried  out  with  pure  zirconium  dioxide,  obtained  by  thermal  decomposition  of  zir¬ 
conium  nitrate  (the  Zr02  content  was  DO.Dyc).  The  mixture  components  and  mineralizers  were  mixed  in  a 
porcelain  mill  in  presence  of  water. 

The  dried  masses  were  molded  into  cylinders  15-18  mm  high  and  12 -14  mm  in  diameter,  under  a 
pressure  of  1000  kg/ cm*.  The  specimens  were  fired  in  a  furnace  with  carlxtrundum  heating  elements,  between 
1000  and  1400“.  Specimens  of  the  same  masses  without  mineralizers  were  fired  simultaneously  with  these,  and 
under  the  same  conditions. 

The  shrinkage  and  the  open  porosity  of  the  fired  specimens  were  determined  by  impregnation  with  kero¬ 
sene,  followed  by  recalculatiott  for  water  from  tlie  density. 

Effect  of  mineralizers  on  sintering  of  ZrOg— CaCOg  mixture.  The  effect  of  boron  oxide  on  sintering  of  a 
mixture  of  the  composition  Zr02 ;  CaCOg -1,  is  shown  in  Figure  1.  It  follows  from  Figure  1  that  addition  of  l^o 
B2O3*  has  a  particularly  pronounced  effect  on  the  sintering  of  the  mixture  in  the  1100-1200"  range.  At  1000“ 
both  tlie  specimens  with  and  without  B2O3  increase  in  size,  probably  owing  to  the  reaction  of  zirconate  formation, 
accompanied  by  volume  increase.  With  further  increase  of  temperature  the  presence  of  boron  oxide  begin.s  to 


•  Boron  oxide  was  added  in  the  form  of  boric  acid. 


have  a  stronj^  influence  on  the  shrinkage  process  and  the  properties  of  the  resultant  body.  While  the  specimens 
without  boron  oxide  are  so  friable  after  firing  at  1100-1200'*  that  they  easily  crumble  in  the  hand,  specimens 
with  added  boron  oxide  begin  to  sinter  and  acquire  appreciable  mechanical  strength  of  the  order  of  500  kg/  cm* 
even  at  llOO".  At  1200"  the  specimens  without  added  mineralizer  are  3.5  times  more  porous  than  the  specimens 
with  Ix)ron  oxide.  Further  increase  of  the  temperature  causes  sintering  of  the  material  itself  even  without  addi¬ 
tion  of  Ixtron  oxide,  and  at  1400"  the  difference  in  the  shrinkage  of  the  materials  with  and  without  added  boron 
oxide  almost  disappears,  although  the  difference  in  water  absorption  still  remains  quite  distinct.  For  practical 
purposes  it  may  be  assumed  that  specimens  with  added  boron  oxide  are  completely  sintered  at  1400"  (water 
absorption  0.1%). 

The  effect  of  the  mineralizer  on  the  formation  of  calcium  zirconate  is  also  confirmed  by  combined 
thermal  analysis  curves  determed  with  the  aid  of  the  Institute  of  Silicate  Chemistry  apparatus  [4J. 

Two  thermal  analysis  graplis  for  calcium  zirconate  formation  are  given  Figure  2:  the  upper  refers  to 
experiments  without  mineralizer,  and  the  lower,  to  determinations  with  1%  boron  oxide  added. 

It  follows  from  Figure  2  that  in  both  cases  the  length- temperature  curves  show  characteristic  growth,  to 
a  maximum  at  1200-1230",  associated  with  calcium  zirconate  formation. 

We  carried  out  chemical  phase  analysis  (by  a  method  developed  earlier  [3J)  of  a  specimen  chilled  at  the 
maximum  growth  temperature.  Analysis  showed  that  the  amount  of  zirconate  formed  at  this  temperature  is 
69.8%.  The  subsequent  course  of  the  shrinkage  curves  shows  differences  in  the  behavior  of  specimens  with  and 
without  added  boron  oxide.  In  presence  of  boron  oxide,  sintering  of  the  zirconate  formed  occurs  at  lower 
temperatures. 

Examination  of  the  differential  heating  curves  shows  that  addition  of  boron  oxide  merely  results  in  the 
appearance  of  an  additional  small  endothermic  effect  corresponding  to  decomposition  of  boric  acid. 


A 


Fig.l.  Effect  of  boron  oxide  on  the  sintering 
of  a  mixture  of  the  composition  Zr02  :  CaCOs 
=  1:1. 

A)  Water  absorption  (%),  B)  change  of  linear 
dimensions  (%),  C)  firing  temperature  ("). 

1)  Without  mineralizer,  2)  with  addition  of 
1%  B2O3. 


Fig.  2.  Thermal  analysis  curves  for  calcium 
zirconate  formation, 

A)  Change  in  length  and  weight  loss(%), 

B)  temperature  (") 

1)  Without  mineralizer,  2)  with  addition  of 
1%  B2O3  (added  in  the  form  of  boric  acid). 
Curves:  1)  heat  effects,  2)  length  changes, 
3)  weight  losses. 


The  position  of  the  endothermic  effect  produced  by  decomposition  of  calcium  carbonate  does  not  change 
in  presence  of  boron  oxide.  After  this  very  considerable  influence  of  boron  oxide  on  the  sintering  of  ZrOjj-CaC03 
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mixtures  had  been  found,  we  attempted  to  determine  whetlier  boron  oxide  has  any  influence  on  the  amount  of 
zirconate  formed  in  the  fired  mixtures. 

The  results  of  the  chemical  phase  analysis  are  given  in  Figure  3. 

It  follows  from  Figure  3  that  additions  of  boron  oxide  have  little  practical  effect  on  the  zirconate  yield. 
In  specimens  with  boron  oxide  fired  at  high  temperatures  there  is  even  a  tendency  to  a  decrease  of  the  amount 
of  zirconate  formed. 

Chemical  analysis  of  specimens  fired  at  1400°  showed  that  boron  oxide  does  not  volatilize  during  firing. 
Since  the  lx)ron  oxide  present  in  the  Specimens  is  completely  dissolved  when  they  are  treated  with  hydro¬ 
chloric  acid,  it  is  likely  that  boron  oxide  reacts  with  calcium  oxide  during  firing  to  form  acid- soluble  borates. 

The  effects  of  other  mineralizers:  CaFj,  MnOj,  and  FeCl3,  added  to  the  same  mixture  of  Zr02  :  CaCOs= 
1  !  1  in  1  and  2%  amounts  were  also  studied.  It  was  found  that  CaF2  is  not  suitable  as  a  mineralizer  for  this 
mixture,  as  after  firing  at  1300  and  1400“  the  body  is  even  more  porous  with  CaF2  than  without.  Additions  of 
Mn02  have  an  appreciable  accelerating  effect  on  the  sintering  of  calcium  zirconate,  but  a  well- sintered  body 
was  nevertheless  not  obtained  with  this  additive  at  1400“  (the  water  absorption  reached  4%).  FeCl3  produced 
a  better  effect  than  CaF2  or  Mn02;  this  gave  a  well- sintered  body  at  1400“  (the  water  absorption  was  O.Sf/o). 

However,  the  most  effective  mineralizer  of  those  tried  was  boron  oxide,  whicn  gave  the  best  sintering  of 
calcium  zirconate.  It  was  found  in  additional  experiments  that  boron  oxide  is  also  effective  in  mixtures  made 
with  pure  instead  of  technical  zirconium  dioxide. 


Fig.  3.  Effect  of  boron  oxide  on  the  interac¬ 
tion  of  Zr02  with  CaC03.  Heating  time  1 
hour. 

A)  Amount  of  zirconate  formed  (%),  B)  firing 
temperature  (°). 

1)  Without  mineralizer,  2)  with  addition  of 

1%  B2O3. 


Fig.  4.  Thermal  analysis  curves  for  barium 
carbonate. 

A)  Length  change  and  weight  loss  (%),  B;  tem¬ 
perature  (°), 

Curves:  1)  Heat  effects,  2)  length  change, 

3)  weight  loss. 


The  fact  that  sintered  calcium  zirconate  can  be  obtained  at  a  relatively  low  temperature,  1400“,  is  of 
interest  in  relation  to  ceramics  for  electrical  purpose.  Even  more  valuable  for  this  branch  of  industry  is  a 
material  consisting  of  calcium  zirconate  with  a  small  amount  (^  2%)  of  calcium  titanate  [5J. 

We  synthesized  this  material  and  it  was  found  that  with  added  its  sintering  is  nearly  complete 

even  at  1350-1400“  (water  absorption  of  the  order  of  0.1%)  and  the  mechanical  strength  of  the  body  is 
considerable.  It  follows  that  titanium  oxide  does  not  diminish  the  mineralizing  effect  of  boron  oxide. 

Effect  of  mineralizers  on  sintering  of  Zr02-BaC03  mixtures.  As  already  stated,  barium  zirconate  can  be 
produced  at  1100-1200“,  but  a  well- sintered  product  is  not  obtained  even  after  firing  at  1500“. 

It  should  be  noted  that  barium  carbonate,  which  is  generally  used  for  synthesis  of  the  zirconate,  undergoes 
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two  phase  transitions  in  the  830-980®  range  [6J,  and  contracts  appreciably  in  the  600-900®  range  (linear  shrink¬ 
age  about  see  Figure  4). 

If  the  temperature  is  not  raised  slowly  enough  over  this  range,  and  even  if  the  proper  conditions  are 
strictly  followed,  it  is  very  difficult  to  obtain  sintered  barium  zirconate  specimens  without  cracks.  The  quality 
of  the  product  is  not  improved  if  barium  oxide  or  peroxide  is  used  instead  of  the  carbonate. 

In  view  of  the  fact  that  sintered  barium  zirconate  may  be  of  interest  for  the  electrical  ceramics 
industry,  we  attempted  to  prepare  it  with  the  aid  of  mineralizers.  The  effects  of  a  number  of  substances;  B2O3, 
FeCls,  PbCOs,  Mn02,  BaCl2,  ZnCl2,  (NH4)2W04  and  FeTiOs  on  the  sintering  of  barium  zirconate  were  studied. 

It  was  found  that  all  these  additives,  with  the  exception  of  ferric  chloride  and  titanate,  have  little  influence 
on  the  sintering  of  barium  zirconate  in  the  1000-1400®  range.  The  results  obtained  with  the  two  most  effective 
mineralizers  are  shown  in  Figure  5.  It  follows  from  Figure  5  that  ferric  chloride  and  (to  an  even  greater  extent) 
ferrous  titanate  have  an  appreciable  influence  on  the  zintering  of  barium  zirconate.  At  1000®  the  specimens 
expand,  owing  to  the  reaction  of  barium  zirconate  formation,  in  the  same  way  as  in  the  formation  of  calcium 
zirconate.  The  presence  of  mineralizers  begins  to  have  an  influence  even  at  this  temperature.  Iron  titanate 
is  especially  active  in  the  1000-1300*  range.  The  influence  of  ferric  chloride  in  this  range  is  less  pronounced, 
but  at  1400®  the  final  effects  of  the  two  mineralizers  are  equalized.  Specimens  of  barium  zirconate  without 
additives,  fired  at  1400®,  had  10-12^0  water  absorption,  whereas  in  specimens  fired  at  the  same  temperatures 
with  the  above  mineralizers  the  water  absorption  decreased  to  O.lO-O.lSo/n.  It  is  clear  from  Figure  5  that  the 
decrease  of  porosity  of  the  specimens  in  presence  of  mineralizers  is  accompanied  by  a  considerable  increase 
of  shrinkage  -  from  13  to  25%  at  1400®.  The  mechanical  strength  increases  at  the  same  time.  For  example, 
the  compressive  strength  of  specimens  containing  mineralizers  and  fired  at  1400®  is  about  1600  kg/  cm*,  while 
for  specimens  without  additives  the  strength  does  not  exceed  400-500  kg/ cm*. 


Fig.  5.  Effects  of  mineralizers  on  the  sinter¬ 
ing  of  a  mixture  of  the  composition  Zr02  : 
BaC03  =  l  :1. 

A)  Water  absorption  (%),  B)  change  of  linear 
dimensions  (%),  C)  firing  temperature  (°). 
Curves:  1,4)  without  mineralizer,  2,5)  with 
addition  of  2%  FeTiOs,  3*6)  with  addition  of 
2%  Fe2Ps  (added  in  the  form  of  ferric  chlor¬ 
ide). 


Fig.  6.  Effect  of  ferric  chloride  on  the  in¬ 
teraction  of  Zr02  with  BaC03.  Heating  time 
1  hour. 

A)  Amount  of  zirconate  formed  (%),  B)  firing 
temperature  (®). 

Curves:  1)  without  mineralizer,  2)  with  addi¬ 
tion  of  2%  Fe203  (added  in  the  form  of  ferric 
chloride). 


Chemical  analysis  of  the  fired  specimens  containing  ferric  chloride  showed  that  1)  additions  of  ferric 
chloride  have  no  appreciable  effect  on  the  amount  of  zirconate  formed  (Figure  6);  2)  the  iron  contents  of  the 
fired  specimens  correspond  to  the  amount  of  ferric  chloride  introduced  into  the  raw  mixture. 
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Fig.  7.  Thermal  analysis  curves  for  barium 
zircoiiate  formation. 

A)  Length  change  and  weight  loss  (%),  B)  tem¬ 
perature  ("). 

I)  Without  mineralizer,  II)  witli  addition  of  2<7o 
FejOj. 

Curves:  1)  lieat  effects,  2)  Icngtli  change, 

3)  weigiit  loss. 


Fig.  8.  Effect  of  mineralizers  on  the 
sintering  of  a  mixture  of  the  composi¬ 
tion  ZrOj  :SrC03  ~  1  :  1. 

A)  Water  absorption  (<7),  B)  change  of 
linear  dimensions  (<7,0,  C)  firing  tem¬ 
perature  ('). 

Curves:  1,4)  without  mineralizer, 

2,5)  with  addition  of  l<7r  B2O3,  3,6)  with 
addition  of  2P/o  Fe203  (added  in  tiie  form 
of  ferric  chloride). 


The  reason  wliy  clrloride  is  not  lost  by  volatilization  during  firing  is  that  even  before  tlie  firing  tlie 
FeCl3  added  to  the  Zr02  +  BaC03  mixture  in  presence  of  water  was  converted  into  the  hydroxide  as  the  result 
of  hydrolysis.  Conversion  of  ferric  chloride  into  the  hydroxide  was  accompanied  by  conversion  of  an  equivalent 
amount  of  barium  carbonate  into  the  chloride.  However,  according  to  our  findings,  barium  chloride  has  no 
influence  on  the  sintering  of  barium  zirconate.  Evidently  the  effects  of  ferric  chloride  and  ferrous  titanate 
must  be  attributed  to  the  iron  itself.  The  effect  of  ferric  oxide  on  the  interaction  of  zirconium  dioxide  with 
barium  carbonate  and  on  the  sintering  of  the  zirconate  formed  is  clearly  illustrated  by  the  results  of  combined 
tlicrmal  analysis  (Figure  7),  It  is  seen  in  Figure  7  that  the  mineralizer  mainly  influences  the  coiurse  of  the 
curve  for  the  length  variation  and  has  little  effect  on  the  course  of  the  weight  loss  and  heat  effect  curves. 
Samples  without  mineralizer  show  inly  slight  shrinkage  (about  1.5<7n  at  1350")  after  the  growth  maximum  at 
1100".  If  ferric  oxide  is  added,  the  growth  of  the  specimen  is  followed  by  abrupt  shrinkage,  which  readies  ‘24‘7" 
at  1350". 


In  contrast  to  the  formation  of  CaZr03,  when  tlie  formation  of  zirconate  is  in  practice  preceded  by  de¬ 
composition  of  calcium  carbonate,  the  decomposition  of  barium  carbonate  is  accompanied  by  the  parallel 
formation  of  zirconate.  Decomposition  of  barium  carbonate  which,  according  to  our  results,  does  not  occur 
below  1050",  already  begins  at  700"  in  presence  of  zirconium  oxide  (see  the  weight  loss  curve).  The  two  endo¬ 
thermic  effects  corresponding  to  barium  carbonate  transitions  are  retained  on  the  heating  curve.  The  nature  of 
tlie  small  endothermic  effect  at  1170"  has  not  been  determined  as  yet. 


Effect  of  mineralizers  on  the  sintering  of  ZrOy— SrCO;,  mixtures.  Strontium  zirconate,  like  barium  zir¬ 
conate,  sinters  badly,  even  when  fired  at  1500".  To  decrease  the  sintering  temperature  of  strontium  zirconate, 
boron  oxide  and  ferric  chloride  were  added  to  it.  As  in  the  mixtures  with  barium  carbonate,  the  actual  min¬ 
eralizer  was  ferric  oxide,  because  of  hydrolysis  of  the  ferric  chloride.  The  results  are  given  in  Figure  8. 


It  follows  from  Figure  8  that  both  mineralizers  have  a  considerable  influence  on  the  sintering  of  strontium 
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zirconate,  seen  even  at  1000".  The  sintering  process  which  commences  at  this  temperature  compensates  for  the 
expansion  of  tlie  specimens  as  the  result  of  zirconate  formation. 


Fig.  9.  Effect  of  mineralizers  on  the  interaction 
of  Zr02  with  SrCOs.  Heating  time  1  hour. 

A)  Amount  of  zirconate  formed  (<7a),  B)  firing 
temperature  ("). 

Curves:  1)  without  mineralizer,  2)  with  addition 
of  2%  FejOs  (added  in  the  form  of  ferric  chloride) 
3)  with  addition  of  1%  BjQs. 


Fig.  10.  Thermal  analysis  curves  for  strontium 
zirconate  formation. 

A)  Length  change  and  weight  loss  (%),  B)  tem¬ 
perature  (®). 

I)  Without  mineralizer.  H)  with  addition  of 
Fe203. 

Curves:  1)  heat  effects,  2)  length  change, 

3)  weight  loss. 


The  specimens  heated  at  1100*  without  mineral¬ 
izers  are  so  firable  that  they  readily  crumble  in  the 
hand,  whereas  specimens  with  added  mineralizers  have 
strength  of  the  order  of  200  kg/  cm*.  The  porosity  de¬ 
creases  appreciably  when  the  temperature  is  raised  to 
1300".  Specimens  containing  FeCl3  are  sintered  prac¬ 
tically  completely  at  1400"  (the  water  absorption  is  of 
the  order  of  0.1<7'',  while  in  specimens  without  mineral¬ 
izers  it  reaches  10%). 

Our  chemical  analysis  of  fired  specimens  of 
ZrOj—  SrC03  mixtures  showed  that  additions  of 
mineralizers  have  little  influence  on  the  amount  of 
zirconate  formed.  The  action  of  mineralizers  in  the 
firing  of  alkaline- earth  zirconates, evidently,  mainly 
consists  of  acceleration  of  recrystallization  processes. 

Thermographic  analysis  of  Zr02—  SrC03  specimens 
without  mineralizers  and  with  addition  of  ferric  oxide 
was  also  carried  out  (Figure  10).  It  follows  from 
Figure  10  that  the  presence  of  ferric  oxide  has  an  appre¬ 
ciable  influence  only  on  the  linear  dimensions  of  the 
specimens,  as  was  also  found  in  the  cases  of  calcium 
and  barium  zirconates.  Additions  of  mineralizers  have 
almost  no  influence  on  the  heat  effect  curves.  The 
observed  endothermic  effects  -  the  first  at  940", 
corresponding  to  phase  transition  of  strontium  carbo¬ 
nates,  and  the  second  at  1050°,  corresponding  to  its 
decomposition,  do  not  change  their  positions  in  pres¬ 
ence  of  ferric  oxide. 

SUMMARY 

1.  For  the  production  of  ceramic  wares  from 
alkaline- earth  zirconates  mineralizers  should  be  used, 
which  give  a  firm,  sintered  body  at  1400“. 

a)  for  the  compositions  (in  molar  %):  50ZrO2  + 
SOCaCOs  and  50CaCO3  +  48Zr02  +  2  Ti02  the- best 
mineralizer  is  boron  oxide,  in  amounts  of  1%  by  weight. 

b)  for  the  compositions  (in  molar  %):  50ZrO2  + 

+  50  BaC03  and  50ZrO2  +  50  SrC03  the  best  mineralizer 
is  Fe203;  additions  of  2%  by  weight  result  in  complete 
sintering  of  barium  and  strontium  zirconates  at  1400". 

2.  The  mineralizers  lower  the  sintering  tempera¬ 
ture  considerably  but  have  little  effect  on  the  tempera¬ 
ture  of  zirconate  formation. 

3.  Combined  thermographic  analysis  was  used 
for  a  closer  study  of  the  interaction  of  zirconium  di¬ 
oxide  with  alkaline-  earth  carbonates  and  for  revealing 
the  role  of  mineralizers  in  this  interaction. 
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INTENSIFICATION  OF  THE  OXIDATION  OF  NITRIC  OXIDE 
IN  CONDITIONS  OF  HIGH  TURBULENCE 

S .  N .  G a nz 

The  Dnepropetrovsk  Institute  of  Chemical  T echnology 


Intensification  of  the  oxidation  of  nitric  oxide  is  of  great  significance  for  a  number  of  very  important 
industries:  production  of  nitric  and  sulfuric  acids,  of  mineral  fertilizers,  etc.  There  have  been  many  atten'pts 
to  use  various  catalysts  for  accelerating  the  oxidation  of  nitric  oxide  [1,  2J,  but  so  far  these  attempts  have  not 
proved  successful. 

We  showed  in  earlier  papers  [3,  4J  that  the  oxidation  of  NO  is  accelerated  considerably  in  high-speed 
mechanical  rotary  absorbers.  This  acceleration  takes  place  in  the  liquid  phase  in  consequence  of  rapid  dis¬ 
solution  of  oxygen  in  the  absorbent,  of  increased  NO  concentration  in  the  solution,  at  the  interphase,  and  in 
the  foam  bubbles  (especially  in  processes  involving  regeneration  of  NO),  and  because  of  the  concentration 
pressures  of  the  gas  and  liquid  arising  at  the  walls  of  the  apparatus  owing  to  the  centrifugal  force  developed 
by  the  rotating  disks.  These  investigations  confirmed  the  principle  that  in  conditions  of  high  turbulence  the 
rate  of  oxidation  of  NO  is  considerably  greater  than  the  rate  calculated  for  a  reaction  of  the  third  order. 

For  direct  quantitative  determinations  of  the  relationship  between  the  rate  of  oxidation  of  NO  and  the 
turbulence  of  the  system  we  carried  out  the  following  series  of  experiments  in  horizontal  high-  speed  rotary 
absorbers*:  1)  absorption  of  NO2  by  KI  solution;  2)  absorption  of  nitrogen  oxides  by  water;  3)  absorption  of 
nitrogen  oxides  by  Ca(OH)2  solution. 

In  all  cases  the  nitric  oxide  (previously  diluted  to  20%  with  nitrogen  in  a  gas  holder)  was  introduced 
into  the  absorber  without  previous  oxidation.  The  NO  was  mixed  with  air  in  the  apparatus  itself,  the  air  being 
introduced  through  a  separate  inlet.  The  theoretical  degree  of  oxidation  of  the  nitric  oxide  was  calculated 
from  the  time  the  gas  was  in  the  apparatus,  the  temperature,  and  the  NO  concentration.  The  actual  degree  of 
oxidation  of  NO  in  the  gas  and  liquid  phases  was  determined  for  different  shaft  speeds  (or  peripheral  disk  speeds). 

In  the  first  series  of  experiments  the  NO2  formed  was  absorbed  in  2%  KI  solution.  The  reaction  in  this 
case  is  represented  by  the  equation 

2NO2  +  2KI  =  2KNO2  + 12,  (I) 

The  amounts  of  air  and  nitric  oxide  entering  the  apparatus  were  measured  by  means  of  calibrated  capil¬ 
laries,  and  the  pressure  in  the  system  was  equalized  by  means  of  manostats. 

It  was  found  in  preliminary  blank  experiments  that  complete  absorption  of  NO2  by  KI  solution  is  possible 
at  volume  feed  rates  not  exceeding  350-400  m®/  m®‘  hour. 

Therefore  the  experiments  in  this  series  were  carried  out  at  a  volume  feed  rate  w  =  342  m*  /  m^.hour. 

The  nitric  oxide  content  at  the  entry  into  the  absorber  was  in  the  range  1.67-1.7%.  The  capacity  of  the 
absorber  was  720  cc;  200  cc  of  2%KI  solution  was  put  into  the  absorber  and  40  liters  of  gas  was  passed  through 
it  (at  a  constant  peripheral  disk  speed).  The  gas  was  in  the  absorber  for  7.3  seconds,  and  the  temperature  was 


•  The  design  of  these  absorbers  is  described  in  earlier  papers  [3-5J. 
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22-23°.  Under  these  conditions  the  degree  of  oxidation  of  NO  varied  in  the  range  31-33%.  The  shaft  speed 
varied  between  300  and  3000  rpm,  corresponding  to  variations  of  the  peripheral  disk  speed  from  0.85  to 
8.5  m/  second.  Gas  and  liquid  samples  were  taken  for  analysis  at  shaft  speeds  of  300,  1600,  2200,  and  3000 
rpm.  Each  experiment  was  repeated  at  least  2  or  3  times. 

At  the  end  of  each  experiment  the  liquid  was  poured  out  of  the  absorber,  which  was  then  rinsed  out  with 
distilled  water.  The  KI  solution  was  mixed  with  the  wash  water,  the  mixture  was  shaken,  and  then  titrated 
(with  the  aid  of  a  microburet)  with  0.1  N  thiosulfate  solution  according  to  the  equation 

I  -f-  2Na2S203  =  2NaI  -f  Na2S406.  (U) 

The  NO2  content  of  the  gas  was  calculated  by  means  of  the  equation 

where  A  is  the  volume  of  thiosulfate  taken  for  the  titration;  T  is  the  normality  of  the  thiosulfate;  v  is  the 
volume  of  gas  (in  ml)  passed  through  the  absorber;  _t  is  the  temperature  of  the  gas  (in  °);  2  i*  the  atmospheric 
pressure  (in  mm  Hg);  pj  is  the  water  vapor  pressure  at  the  temperature  of  the  experiment. 

The  results  of  the  experiments  are  interpolated  in  Curve  2,  Figure  1,  and  the  average  experimental  data 
are  given  in  Table  1. 

TABLE  1 

Effect  of  Peripheral  Disk  Speed  on  the  Degree  of  Oxidation  of  Nitric  Oxide  at  w  = 

342  rr?  /  m^'houi: 

Time  spent  by  gas  in  absorber  7.3  seconds;  NO  content  at  entry  into  absorber  =1.67- 
1.7%;  theoretical  degree  of  oxidation  of  NO  in  the  apparatus  33%;  absorbent  2% 

KI  solution 


Shaft  speed,  rpm 

300 

1600 

2200 

3000 

Peripheral  disk  speed  (m/sec.) 
Actual  degree  of  oxidation  of 

0.85 

4.54 

6.24 

8.5 

NO  (%) 

Time  required  to  reach  actual 
degree  of  oxidation  of  NO 

33.6 

39 

49.5 

58 

(sec  ) 

Acceleration  of  oxidation  of 

7.6 

9.43 

14.7 

23.2 

NO(t  ;  ) 

act.  theoret. 

1.04 

1.35 

2.1 

3.31 

It  follows  from  the  data  in  Table  1  that  the  rate  of  oxidation  of  NO  increases  continuously  with  in¬ 
creasing  shaft  speed  (or  peripheral  disk  speed).  The  reaction  between  NO2  and  KI  is  irreversible,  and  the 
amount  of  NO2  formed,  found  in  each  experiment,  corresponds  to  the  degree  of  oxidation  of  NO  in  the  absorber. 
The  ratio  of  the  practical  and  theoretical  times  required  for  the  oxidation  of  the  NO  represents  acceleration  of 
the  process  in  conditions  of  high  turbulence. 

The  results  of  the  liquid- phase  analysis  were  checked  by  the  results  of  the  gas- phase  analysis,  in  which 
the  degree  of  absorption  of  nitrogen  oxides  was  determined.  Curve  2  in  Figure  1,  plotted  from  experimental 
data,  tends  to  ascend  more  steeply  with  increasing  peripheral  disk  speed.  The  ascent  of  the  curve  becomes 
especially  steep  at  above  1600  rpm  ( Vft!4.5  m/  second).  Therefore  in  industrial  conditions,  with  the  use  of 
considerably  higher  peripheral  disk  speeds,  even  greater  acceleration  of  the  oxidation  of  NO  to  NO2  can  be 
expected. 

The  data  in  Table  1  prove  conclusively  that  the  rate  of  NO  oxidation  in  high-speed  rotary  abosrbers  is 
considerably  higher  than  the  rate  of  the  process  in  homogeneous  gas  conditions. 

An  even  more  interesting  relationship  can  be  expected  for  the  absorption  of  nitrogen  oxides  by  water. 


Fig.  1.  Degree  of  oxidation  of  NO  as  a  function 
of  shaft  speed  in  the  absorption  of  NO2  by  2%  KI 
solution. 

w  =  380  mV  m’-hour,  _t  =  22-  23“,  NO  =  1.67-1.7% 
A)  Degree  of  oxidation  of  NO  (%),  B)  peripheral 
disk  speed  (m/  sec  ),  C)  shaft  speed  (rpm). 

Degree  of  oxidation  of  NO  (%}:  1)  theoretical, 

2)  actual. 

oxidation  of  NO  in  the  apparatus  was  calculated  from 


as  in  this  case  the  absorption  is  accompanied  by  re¬ 
generation  of  NO  from  solution.  To  determine  the 
effect  of  turbulence  of  the  system  on  the  rate  of  acid 
formation  (and  therefore  on  the  rate  of  oxidation  of 
nitric  oxide)  we  carried  out  a  series  of  experiments 
under  the  following  constant  conditions.  The  capacity 
of  the  absorber  was  720  cc,  with  a  gas  throughput 
capacity  of  4.9  liters/  minute,  corresponding  to  a  gas 
volume  rate  w  =  455  m®/  m®*hour.  The  amount  of 
liquid  in  the  absorber  was  200  cc,  and  the  time  spent 
by  the  gas  in  the  absorber  was  5.5  seconds;  the  NO 
concentration  at  entry  was  1.67-1.7%;  the  calculated 
degree  of  oxidation  in  the  apparatus  was  28-  29%,  and 
the  temperature  was  22-  23" . 

The  absorbent  was  distilled  water.  Each  experi¬ 
ment  was  performed  at  constant  shaft  speed;  the 
experiments  were  repeated  at  least  3  times.  The  re¬ 
sults  were  used  if  the  discrepancies  between  the  experi 
ments  did  not  exceed  2-  4%.  The  experiments  were 
carried  out  at  peripheral  disk  speeds  of  0.85,  4.54, 

6.24  and  8.5  m/  second.  The  experimental  results  are 
given  in  Figure  2  and  Table  2.  The  actual  degree  of 
the  sum  of  the  nitric  and  nitrous  acids  actually  formed . 


TABLE  2 

Effect  of  Peripheral  Disk  Speed  on  the  Rate  of  Acid  Formation  and  Oxidation  of 
NO  at  w  =  455  mV  m^-hour  (7;=  5.5  seconds) 

NO  content  of  gas  1.67-1.7%;  ^=22—23®,  theoretical  degree  of  oxidation  of  NO 
in  the  apparatus  28%;  absorbent,  distilled  water 


Shaft  speed  (rpm) 

Peripheral  disk  speed  (m/ 

300 

1600 

2200 

3000 

sec) 

Degree  of  conversion  of 
nitric  oxide  into  HNO3  + 

0.85 

4.54 

6.24 

8.5 

HNO2  (%) 

Amount  of  nitrous  acid  formed 

19.9 

36.1 

42.5 

54 

(as  %  of  total  acid) 

Amount  of  nitric  acid  formed 

73.6 

50 

40.2 

34.2 

(as  %  of  total  acid) 

Actual  degree  of  oxidation  of 

26.4 

50 

59.8 

65.8 

NO  (%) 

Time  required  to  reach  actual 
degree  of  oxidation  of  NO 

15.5 

36 

45 

59 

(sec.) 

Coefficient  of  acceleration  of 
retardation  of  the  oxidation 

3.2 

9.6 

14.2 

25.8 

of  NO  (7’act.!  5.5) 

0.583 

1.74 

2.59 

4.7 

In  the  calculations  it  was  taken  into  account  that  0.5  mole  of  NO2  is  consumed  in  the  formation  of  a 
mole  of  HNO2,  while  the  formation  of  two  moles  of  HNO3  requires  3  moles  of  NO2,  in  accordance  with  the 
equations: 
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a)  3NO2  +  H2O  =2HN03+ NO  •, 

b)  (NO  •  NO2)  f  H20  =  HN02  I 


(HI) 


The  following  conclusions  may  be  drawn  from  the  data  in  Figure  2  and  Table  2. 

1)  The  degree  of  conversion  of  nitric  oxide  into  HNO2+  HNO3  increases  continuously  with  increasing 
shaft  speed,  or  peripheral  disk  speed.  As  is  seen  in  Figure  2,  a  straight  line  crossing  the  ordinate  axis  can  be 
drawn  through  the  experimental  points.  If  the  degree  of  conversion  of  nitric  oxide  into  HNO3  +  HNO2  is  de¬ 
noted  by  Xj^,  the  general  equation  for  this  straight  line  may  be  written  as: 

x,  —a  •  n  +  b,  (2) 

k 

where  n  is  the  shaft  speed  and  a  and  b  are  constants. 


From  the  lengths  of  the  intercepts  cut  off  by  the  line  along  the  ordinate  axis  for  n  =  300  and  n  =  3000 
rpm  we  have 

a  =  tan  a  =  =  0.01331;  b  =  15, 

3000 


and  hence  n 


/t 


Fig.  2.  Variation  of  the  degree  of  oxidation  of 
NO  with  shaft  speed  in  the  absorption  of  nitrogen 
oxides  in  water, 

w=  455  m^/ m’*hour,  ^=22—23“,  NO  =1.67- 
1.7<7c. 

A)  degree  of  oxidation  (%),  B)shaft  speed  in 
rpm. 

Conversion  of  NO  :  1)  into  HNO3  +  HNO2 
2)  into  HNO2. 

Degree  of  oxidation  of  NO  (^f):  3)  actual, 

4)  theoretical. 


0.01331n  +  15.  (3) 

It  follows  from  Equation  (3)  that  the  degree  of 
conversion  of  NO  into  HNO3  )-  HN02  depends  to  a 
considerable  extent  on  the  peripheral  disk  speed  and 
conforms  to  a  linear  law.  Thus,  the  degree  of  con¬ 
version  of  NO  into  HNO3  +  HN02  is  proportional  to 
the  peripheral  disk  speed. 

2)  In  mechanical  absorbers  the  formation  of 
nitric  acid  is  accompanied  by  rapid  formation  of 
nitrous  acid. 

At  low  peripheral  disk  speeds  (300  rpm)  nitrous 
acid  predominates  in  the  solution.  If  the  total  acid 
content  is  taken  as  100<^n,  then  at  n  =  300  rpm 
HNO2  =  73.6%,  and  at  n  =  3000  rpm  HNO2  =  34.2%. 

Consequently,  when  the  peripheral  disk  speed  is 
increased  above  4  m/ second  (n>  1500  rpm  nitric 
acid  is  predominantly  formed.  The  nitrous  acid  content 
remains  almost  at  a  constant  level,  as  is  shown  by 
Curve  2  in  Figure  2,  represented  by  the  equation 

x’  =0.001  •  n+ 15.5  (4) 

k 

It  follows  from  this  equation  that  the  shaft  speed 
has  little  influence  on  the  amount  of  HNO2  formed.  In 
conditions  of  vigorous  agitation  of  the  liquid  the  HNO2 
formed  decomposes  according  to  the  equation. 


3HNO2  HNO3  +  2NO  +  HjO, 
and  the  HNO2  content  in  the  solution  tends  to  equilibrium. 

Curves  1  and  2  in  Figure  2  diverge  sharply,  indicating  a  continuous  increase  of  the  nitric  acid  content  of 
the  solution.  Acceleration  of  the  conversion  of  NO  into  HNO3  +  HNO2,  predominant  formation  of  HNO3, 
is  determined  only  by  the  continuous  increase  of  the  rate  of  oxidation  of  NO  into  NO2  with  increasing  peripheral 
disk  speed. 

3)  The  actual  degree  and  rate  of  oxidation  of  nitric  oxide  has  been  calculated  from  the  amounts  of 
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nitric  and  nitrous  acids  formed.  For  example,  at  n  =  300  rpm  the  actual  degree  of  oxidation  of  NO  =  15.57o, 
while  at  n  =  3000  rpm  the  degree  of  oxidation  reaches  59%,  so  that  with  a  10- fold  increase  of  the  peripheral 
disk  speed  tlie  degree  of  oxidation  is  increased  25.8  :  5. 5=4. 7-fold  (Table  2). 

As  the  straight  line  3  in  Figure  2  is  also  described  by  Equation  (2),  we  can  find  the  constants  ^  and  b 
and  hence  determine  the  relationship  between  the  degree  of  oxidation  of  NO  (at  1.67—1.7%  concentration) 
and  the  shaft  speed: 

=0.01635  n+ 10,  (5) 

NO 

where  a  is  the  degree  of  oxidation  of  NO. 

It  follows  from  this  equation  that  the  peripheral  disk  speed  has  a  significant  influence  on  the  rate  of 
oxidation  of  NO. 

The  straight  line  4  in  Figure  2  represents  the  degree  of  oxidation  of  NO  calculated  from  the  equation 
for  a  reaction  of  the  third  order.  The  line  4  is  parallel  to  the  abscissa  axis  throughout  its  length,  as  the 
theoretical  rate  of  oxidation  of  NO  (at  constant  concentration  of  NO  in  the  gas,  and  constant  volume  feed 
rate  and  temperature)  remains  constant,  and  is  28- 29%  in  the  present  instance. 

Examination  of  the  lines  3  and  4  shows  that  they  diverge  sharply,  indicating  a  considerable  acceleration 
of  the  oxidation  of  NO  when  the  shaft  speed  is  increased  above  1000  rpm,  which  corresponds  to  v  >  =  3.22 
m/  second.  At  lower  shaft  speeds  for  NO  concentrations  of  1.67-1.7%  the  actual  degree  of  oxidatio^  is  below 
the  theoretical.  The  probable  explanation  is  that  at  relatively  low  peripheral  disk  speeds  the  favorable  hydro- 
dynamic  conditions  favoring  acceleration  of  NO  oxidation  arc  not  present.  At  the  same  time,  the  rate  of 
absorption  of  N2O3  in  these  conditions  is  very  considerable,  and  therefore  nitrous  oxide  is  predominantly 
formed  in  the  solution.  Each  molecule  of  the  NO2  formed  combines  with  a  molecule  of  NO  and  is  absorbed 
by  water  in  the  form  of  N2O3;  in  consequence  the  NO  concentration  in  the  gas  falls  sharply  and  therefore  the 
rate  of  oxidation  of  NO  decreases  considerably. 

This  fact,  which  is  clearly  revealed  in  the  process  of  absorption  in  rotary  absorbers,  is  not  generally 
taken  into  account  in  process  calculations  for  packed  towers. 

Nevertheless,  the  actual  oxidation  rate  of  NO  at  low  concentrations  in  recovery  towers  is  below  the 
theoretical  rate  owing  to  formation  of  nitrous  acid  in  solution  and  the  consequent  rapid  decrease  of  the  NO 
concentration  in  the  gas. 

In  the  most  efficient  hydrodynamic  conditions  the  reverse  is  the  case. 

In  the  formation  of  nitric  acid  pure  nitric  oxide  is  regenerated  from  the  solution,  the  amount  being  1/  3 
of  the  NO2  absorbed.  The  NO  bubbles  collide  and  coalesce  with  air  bubbles  in  the  liquid  phase,  and  therefore 
the  NO  concentration  in  the  bubbles  is  considerably  higher  than  in  the  gas  phase,  where  the  NO  has  time 
to  "scatter". 

As  a  result,  the  rate  of  oxidation  of  NO  is  considerably  higher  in  the  bubbles  than  in  the  gas  phase,  as 
the  rate  of  this  reaction  is  proportional  to  the  square  of  the  NO  concentration. 

It  was  observed  in  the  course  of  the  investigations  that,  other  conditions  being  equal,  the  temperature 
of  the  medium  increased  with  peripheral  disk  speed  and  hence  with  the  rate  of  acid  formation. 

This  temperature  rise  with  increasing  peripheral  disk  speed  is  one  of  the  factors  characterizing  the 
acceleration  of  the  oxidation  of  NO  in  conditions  of  high  turbulence.  For  example,  in  one  series  of  experi¬ 
ments  the  temperature  variations  at  different  peripheral  disk  speeds  were  as  follows: 

n  (rpm)  300  1600  2200  300 
tCC)  22  23.55  24.9  26.9 

These  data  show  convincingly  that  the  rate  of  oxidation  of  NO  increases  with  increasing  turbulence  of 
the  system.  In  the  absorption  of  NO2  by  water  the  rates  of  NO  oxidation  and  of  conversion  of  nitrogen  oxides 
into  HNO3  +  HNO2  conform  to  a  linear  law  and  are  proportional  to  the  peripheral  disk  speeds. 

In  the  case  of  irreversible  absorption  of  NO2  the  rate  of  the  process  is  represented  by  a  more  complex 
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curve,  as  is  seen  in  Figure  1,  The  overall  acceleration  of  the  process  in  conditions  of  high  turbulence  is 
greater  for  reactions  involving  regeneration  of  NO,  as  in  such  conditions  enrichment  of  the  gas  phase  by 
nitric  oxide  in  the  bubbles  and  at  the  interphase  by  the  NO  regenerated  in  the  solution  plays  a  part. 

In  the  absorption  of  nitrogen  oxides  by  alkalies  it  is  possible  to  follow  the  course  of  oxidation  of  NO 
in  irreversible  absorption  of  NO2  and  N2O3. 

For  this,  we  carried  out  studies  of  the  rate  of  oxidation  of  nitric  oxide  as  a  function  of  the  peripheral 
disk  speed  (or  shaft  speed)  by  the  same  method  and  with  the  same  equipment  as  described  above. 

Air  and  nitric  oxide  were  fed  through  measuring  devices  into  the  absorber  charged  with  3%  Ca(OH)2 
solution.  The  nitric  oxide  was  previously  diluted  down  to  20%  with  nitrogen  in  the  gas  holder.  The  gases 
were  mixed  directly  in  the  absorber  at  the  entry  by  means  of  rotating  blade  disks.  The  N2O3  and  NO2  formed 
as  the  result  of  oxidation  were  absorbed  in  the  Ca(OH)2  solution.  The  liquid  and  gas  were  analyzed  at  the 
absorber  entry  and  exit  in  each  experiment.  The  gas  was  analyzed  by  the  evacuated  flask  method;  the  total 
combined  nitrogen  in  the  liquor  was  determined  by  Devarda's  method,  and  nitrite  nitrogen  by  titration  with 
0  J.  N  permanganate  solution. 

All  the  experiments  were  carried  out  under  constant  conditions;  w  =  400  m*/  m®  .hour,  NO  concentra¬ 
tion  in  gas  at  entry  1.03-1.1%,  temperature  24  ±1*.  Each  group  of  experiments  corresponded  to  a  definite 
shaft  speed*  ;  400,  900,  1500,  2100,  3000,  4000,  5000  rpm  with  disks  0.07  m  in  diameter. 

The  gas- phase  analyses  gave  the  total  degree  of  absorption  of  NO2+  NO,  The  results  were  recalculated 
in  terms  of  molar  amounts  of  nitrogen  and  compared  with  the  total  molar  contents  of  nitrogen  determined  in 
the  liquid  phase. 


The  amounts  of  calcium  nitrite  and  nitrate  were  determined  separately  in  the  liquid  phase.  The  ratios 
(molar)  of  these  amounts  of  nitrite  and  nitrate  in  the  solution  were  used  to  find  the  degree  of  oxidation  of 
NO  corresponding  to  each  peripheral  disk  speed. 


The  calculated  and  experimental  results  are  given  in  Figure  3.  The  straight  line  1  in  this  figure 
represents  the  theoretical  (calculated)  degree  of  oxidation  of  NO  based  on  the  physicochemical  conditions  of 
the  experiment.  Curve  2  was  determined  experimentally,  and  represents  the  conversion  of  nitrogen  oxides 
into  calcium  nitrite  according  to  the  overall  equations: 


N2O3  +  Ca(OH)2  =  Ca(N02)2  +  HgO, 

4NO2  +  2Ca(OH)2  =  Ca(N03)2  +  Ca(N02)2  2H2O. 


(IV) 

(V) 


Line  3  was  obtained  by  calculation,  and  represents  the  theoretical  sum  of  calcium  nitrite  +  nitrate  if 
these  compounds  are  formed  from  NO2  according  to  Equation  (V). 

Finally,  the  fourth  curve  represents  the  experimentally  found  sum  of  nitrite  +  nitrate  in  solution. 

Analysis  of  these  curves  leads  to  the  following  conclusions. 

1)  The  degree  of  conversion  of  NO  into  NO2  increases  continuously  with  increasing  sliaft  speed  (or  peri¬ 
pheral  disk  speed). 

Since  the  experimental  conditions,  apart  from  the  peripheral  disk  speed,  were  constant  in  all  cases  and 
the  theoretical  degree  of  oxidation  of  NO  was  about  28%,  the  amounts  of  calcium  nitrite  and  nitrate  formed 
in  solution  should  be  determined  by  the  degree  of  oxidation  of  NO.  However,  in  our  experiments  the  amounts 
of  calcium  nitrite  and  nitrate  increased  continuously  with  increasing  peripheral  disk  speed,  as  a  direct  conse¬ 
quence  of  the  acceleration  of  the  oxidation  of  nitric  oxide. 

2)  At  low  shaft  speeds  (n<400)  the  line  for  the  actual  formation  of  Ca(N02)2  coincides  with  the  line  for 
the  theoretical  oxidation  of  NO.  This  means  that  in  these  conditions  and  in  conditions  of  lower  turbulence 
nitrogen  oxides  are  only  absorbed  as  N2O3,  according  to  the  stoichiometric  Equation  (IV).  It  is  also  evident 


•  The  experiments  were  repeated  up  to  3  times  and  2-3  samples  of  liquid  and  gas  were  taken  in  each 
experiment. 
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Fig.  3.  Variation  of  the  degree  of  oxidation 
of  NO  with  shaft  speed  in  absorption  of  nitro¬ 
gen  oxides  in  Ca(OH)2  solution 
w  =  400  m*/  m*«hout,  t_=  25*,  NO  =  1.08‘7o. 
A)  Degree  of  absorption  B)  shaft  speed 
(rpm), 

1)  Theoretical  degree  of  oxidation  of  NO 
(%),  2)  amount  of  Ca(N02)2  formed  (<70). 
Amounts  of  nitrate  -1-  nitrite  in  solution  (in 
ojoh  3)  theoretical.  4)  actual. 


that  the  absorption  of  the  N2O3  formed  is  complete 
and  that  the  process  rate  is  determined  only  by  the 
rate  of  oxidation  of  NO. 

As  the  shaft  speed  increases,  the  amount  of 
nitrite  formed  increases  slowly,  but  the  nitrate  con¬ 
tent  of  the  solution  increases  rapidly,  as  is  shown  by 
Curve  4  in  Figure  3.  This  means  that  the  rate  of  NO2 
absorption  rises  rapidly  with  increasing  shaft  speed,  and 
ultimately  exceeds  the  rate  of  absorption  of  N2OS. 

When  the  shaft  speed  increases  above  1300-1500 
rpm,  the  formation  of  nitrate  and  nitrite  [xcoceeds 
mainly  by  Equation  (V).  The  increase  of  the  rate  of 
absorption  of  NO2  becomes  appreciable  at  shaft  speeds 
above  400  rpm. 

At  first  Curve  4  ascends  steeply,  but  later,  at 
n  =  3200-  4000  r.p.m.  the  process  becomes  almost 
stabilized.  Further  increase  of  the  shaft  speed  does  not 
lead  to  any  appreciable  acceleration  of  the  reaction. 

Consequently  Curve  4  shows  convincingly  that 
the  rate  of  oxidation  of  NO  increases  considerably  with 
increasing  shaft  speed  (up  to  a  certain  limit). 


3)  Finally,  it  follows  from  Figure  3  that  the  weight  of  the  nitrate  and  nitrite  actually  formed  is  greater 
than  is  given  by  theoretical  calculation  based  on  the  straight  line  3. 

The  probable  explanation  for  this  is  that  inversion  takes  place  in  conditions  of  high  turbulence. 

It  was  reported  earlier  [5J  that  inversion  occurs  in  practice  in  vigorous  agitation  of  the  gas  and  liquid  in 
the  head  region  of  the  apparatus,  as  the  alkalinity  of  the  solution  in  this  region  is  practically  zero,  while  the 
concentration  of  nitrogen  oxides  at  the  entry  is  relatively  high. 


SUMMARY 

1.  It  was  shown  in  a  study  of  the  rate  of  oxidation  of  nitric  oxide  in  horizontal  mechanical  high-speed 
absorbers  that  the  rate  of  NO  oxidation  increases  with  increasing  shaft,  speed,  i.e.,  with  increasing  turbulence  of 
the  system. 

2.  Acceleration  of  the  oxidation  of  NO  in  conditions  of  high  turbulence  is  of  the  greatest  significance  for 
processes  involving  regeneration  of  NO. 
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DISPERSITY  OF  THE  LIQUID  IN  THE  INTERPLATE  SPACE 
IN  BUBBLE  TOWERS 


L.  S.  Akselrod  and  G.  M.  Yusova 


During  bubbling  in  plate  towers,  which  is  used  widely  in  industry  for  a  number  of  technical  processes, 
several  phase  contact  zones  of  different  structure  are  formed  in  the  interplate  spaces. 

The  top  part  of  the  interplate  space  is  occupied  by  a  zone  of  drops  and  spray. 

It  is  still  not  clear  what  the  conditions  are  for  phase  interaction  in  these  zones  and  to  what  extent  they 
influence  the  processes  taking  place  in  the  tower.  Apart  from  contradictory  statements,  there  has  been  only  one 
attempt,  made  by  Stabnikov  [1],  to  evaluate  the  influence  of  these  zones  on  the  processes  taking  place  in  the 
interplate  space.  Unfortunately,  this  attempt  is  based  on  a  number  of  controversial  assumptions,  as  there  are  no 
experimental  data  in  the  literature  on  the  dispersity  of  the  liquid  in  the  drop  and  spray  2X)ne,  evidently  owing  to 
the  great  difficulty  in  obtaining  such  data. 

Nevertheless,  such  data  are  needed  not  only  for  studies  of  mass  transfer  processes  in  plate  towers,  but  also 
for  studies  of  the  nature  of  liquid  transfer  from  plate  to  plate  and  for  considerations  of  the  suitability  of  separation 
of  entrained  drops  between  the  plates.  These  questions  also  are  not  yet  sufficiently  well  understood  and  form  the 
subject  of  a  series  of  investigations. 

The  present  communication  contains  the  results  of  our  experiments  on  the  dispersity  of  water  when  air  is 
bubbled  through  it  on  a  sieve  plate. 

Definite  conclusions  can  be  drawn  from  an  analysis  of  these  results  together  with  out  earlier  data  on 
transfer  from  such  plates  [2]  and  mass  transfer  data  [3]. 


EXPERIMENTAL 

The  difficulty  of  experimental  studies  of  the  degree  of  dispersion  in  the  interplate  space  lies  in  the  wide 
dispersity  range  of  the  system  in  question,  which  contains  drops  from  4  to  several  thousand  p  in  size,  and  also  in 
the  fact  that  it  is  necessary  to  catch  drops  from  an  ascending  stream  at  a  high  spray  density  in  the  course  of  the 
experiments. 

The  method  used  in  out  experiments  consisted  of  the  deposition  of  drops  on  a  glass  slide  covered  with  a 
layer  of  protective  grease  with  a  firmer  support. 

The  experiments  were  carried  out  in  a  laboratory  model  of  a  rectification  column,  220  mm  in  diameter, 
with  a  sieve  plate  and  transparent  sides,  in  bubbling  conditions  in  the  water- air  system  (Figure  1). 

Sieve  plates  with  diametric  flow  of  liquid  are  fairly  common  in  industry,  and  give  better  spraying  of 
liquid  in  the  horizontal  section  than  bubble- cap  plates. 

The  column  was  fitted  with  punched  sieve  plates  with  holes  0.8  mm  in  diameter  and  3.25  mm  apart;  the 
cross  section  of  the  holes  comprised  6.1%  of  the  open  section  of  the  column.  The  plates  were  continuously  fed 
with  water,  the  height  of  the  liquid  on  the  plate  being  measured  by  means  of  a  level  indicator. 

The  air  used  for  blowing  was  previously  saturated  with  moisture. 

The  dispersity  was  studied  at  a  static  pressure  (apparent  level)  of  5-6  mm  of  liquid  on  the 


Fig.  1.  Model  apparatus  for  dispersity  studies 


plate*  ,  in  the  air  speed  range  of  0.1  to  0.7  m/  second, 
at  80,  110,  200,  and  400  mm  above  the  plate. 

In  view  of  the  fact  that  penetration  of  the  drops 
into  the  protective  grease  requires  a  definite  velocity, 
which  is  greater  for  smaller  drops,  samples  were  taken 
by  two  methods:  at  high  air  speeds  in  the  cross  section 
of  the  column  and  at  short  distances  above  the  plate 
the  samples  were  taken  directly  on  glass  covered  with 
a  layer  of  grease;  at  long  distance  and  low  speeds  they 
were  taken  through  a  special  withdrawing  cone  (nozzle) 
which  gave  the  velocity  required  for  necessary  impact 
of  the  droplets  on  the  grease. 

The  trapping  grease  was  a  mixture  of  3  weight 
parts  of  transformer  oil  and  1  weight  part  of  rosin,  with 
an  underlayer  of  a  thicker  grease  (2  parts  of  rosin  to  3 
parts  of  transformer  oil)  on  the  glass.  The  top  layer 
ensured  good  trapping  of  the  drops,  without  fragmenta¬ 
tion;  the  lower  layer  protected  them  against  spreading 
over  the  glass  during  the  subsequent  treatment.  The 
samples  were  photographed  under  the  microscope  at 
X  80  magnification  with  the  aid  of  a  microphoto  attach¬ 
ment,  so  that  the  treatment  could  be  carried  out  within 
2-3  minutes  after  sampling.  Images  of  the  frames  were 
projected  onto  a  measuring  screen  for  counting.  Samples 
samples  containing  large  drops  up  to  2000  ^  in  size,  were 


taken  at  high  air  velocities  and  small  distances,  i.e 
counted  directly  under  the  microscope  with  the  aid  of  a  micrometer  eyepiece. 

The  data  for  samples  taken  under  equal  conditions  were  collected  and  plotted  in  the  form  of  drop  size 
distribution  curves. 


ANALYSIS  OF  THE  RESULTS 

Direct  analysis  of  the  primary  data  on  dispersity  showed  that  the  degree  of  dispersion  is  determined  by  the 
bubbling  rate  and  the  distance  above  the  plate,  and  that  the  drop  size  range  is  very  wide,  between  4  and  2500  p. 
Large  drops  constitute  by  far  the  greatest  fraction  by  weight;  the  small  droplets,  present  in  an  appreciable 
numerical  percentage,  form  a  negligible  weight  fraction  of  the  disperse  system.  Thus,  the  weight  fraction  of 
drops  of  the  3  largest  sizes  is  from  60  to  98%  by  weight,  while  numerically  they  do  not  exceed  5%. 

This  finding  is  very  important  in  relation  to  interplate  separator  design,  as  it  follows  that  separators  with 
complex  labyrinths,  with  high  resistance,  and  designed  to  trap  small  droplets,  are  entirely  unwarranted. 

A  noteworthy  feature  is  the  abrupt  jump  of  the  maximum  drop  size  as  the  air  speed  increases  from  0.4  m/ 
second  to  0.6 m/second,  i.e.,  in  transition  to  "fountain"  conditions. 

Thus,  as  the  bubbling  velocity  increases  not  only  are  the  drops  of  any  given  size  thrown  up  to  a  greater 
height,  but  the  maximum  drop  size  in  the  system  increases  also.  For  example,  drops  of  d>  800 p  are  not  found 
in  the  samples  at  air  velocities  w<  0.4  m/  second,  whereas  at  w  s  0,6  m/  second  the  maximum  drop  size  increases 
to  2500  fi . 

According  to  the  accepted  view,  interplate  transfer  of  liquid  is  the  consequence  of  two  factors;  1)  the 
existence  of  impulses  which  are  sufficient  to  throw  the  drops  to  the  level  of  the  next  higher  plate  during  bubbling, 
and  2)  by  entrainment  of  drops  by  the  vapor  stream,  the  drops  being  in  a  free-floating  condition  relative  to  the 
stream. 


•  Experimental  checks  showed  that  the  height  jh  of  the  apparent  level  of  the  liquid  on  the  plate  in  the  5-8  mm 
range  does  not  significantly  affect  the  dispersity. 
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This  point  can  be  examined  more  closely  in  the  light  of  the  data  obtained. 

The  diameter  of  a  free-floating  drop  can  be  determined  most  simply  from  the  equation  for  tlie  free- 
floating  velocity; 


1  d*  n  f  —  79^ 

Re  <2-  - ‘^Am/sec. 


Re 


n  18  " 

>2. 


m/  sec,. 


where  w  is  the  free-floating  velocity  (in  m/  second),  d^^^  is  the  diameter  of  a  free-floating  droplet  (in  m).  yj 
and  y  2  are  the  densities  of  the  drop  material  and  medium  (in  kg/  m^),  p  ^  is  the  absolute  viscosity  of  the  medium 
(in  kg*  second/  m*),  and£  is  the  coefficient  of  friction  (according  to  data  from  the  Institute  of  Power  Engineer¬ 
ing.  Acad.  Sci.  USSR,  c=1.4*Re“  ®'“). 


Fig.  2.  Relative  proportions 
of  free-  floating  drops  in  en¬ 
trainment. 

A)  Fraction  of  free-floating 
drops  (%  by  weight).  B)  vapor 
speed  (in  m/  second). 
Distance  H  between  plates 
(in  mm):  1)  80,  2)  110. 


Fig.  3.  Combined  data  on  dispersity  of  various  dis¬ 
tances  from  the  plate  at  w  =  0.4  m/  second  and  h  = 
5  mm. 

A)  Fraction  of  free-floating  (running  total,  wt  %). 

B)  drop  diameter  (p ). 

Distance  H  between  plates  (in  mm);  1)  80,  2)  110, 
3)  200,  4)  400. 


Comparison  of  the  maximum  diameters  of  the  free-  floating  drops  calculated  for  20“  and  p  =  760  mm  Hg 
with  the  dispersity  data  indicates  that,  for  the  most  commonly  used  values  of  H  and  w,  free-floating  drops  do 
not  influence  appreciably  the  interplate  transfer,  although  their  numerical  percentage  is  appreciable.  For 
example,  for  interplate  distance  H  =  80  mm  these  drops  comprise  ~ 20^70  by  weight  at  w  =  0.1  m/  second,  and 
this  decreases  to  1-2%  at  w  =  0.3  m/  second.  The  fraction  of  the  free-floating  drops  increases  with  increasing 
interplate  distance,  but  even  at  H  =  200  mm  this  is  not  the  determining  factor.  At  higher  vapor  velocities 
(w>  0.7  m/  second)  the  fraction  of  free-floating  drops  becomes  even  smaller,  as  is  clear  from  Figure  2. 

The  above  data  on  liquid  dispersity  in  the  interplate  space  therefore  show  that  of  the  2  factors  in  the 
dynamic  action  of  vapor  in  the  bubbling  process  the  determining  factor  in  interplate  transfer  of  liquid  is  the 
throwing  of  drops,  which  have  received  an  adequate  impetus  by  the  passage  of  the  vapor  through  the  plate  per¬ 
forations,  onto  the  plate  above.  The  weight  of  these  drops  constitutes  the  predominant  fraction,  which  reaches 
80-99%. 

Since  the  surface  area  of  the  plate  at  which  the  bubbling  occurs  is  less  in  a  bubble- cap  plate  than  in  a 
sieve  plate,  this  finding  may  extended  to  bubble- cap  plates.  Visual  observations  showed  that  in  these  cases  the 
bubbling  is  accompanied  by  formation  of  larger  drops  and  even  streams  of  liquid,  and  in  such  conditions  the 
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influence  of  the  free-floating  drops  on  interplate  fransfer  of  liquid  is  even  less  than  in  sieve  plates. 

The  conclusion  that  free-  floating  drops  cannot  play  a  deterining  role  in  interplate  transfer  of  liquid 
proved  to  be  very  important  in  the  subsequent  analysis  of  the  data. 

For  calculations  of  the  phase  contact  area,  it  was  desirable  to  obtain  a  generalized  picture  of  the  dispers- 
ity  for  each  of  the  velocities  studied.  It  was  assumed  that  a  disperse  system  at  any  distance  H>80  mm  from  the 
plate  is  a  constituent  of  the  disperse  system  at  the  least  of  the  distances  from  the  plate  to  be  investigated, 

H  =  80  mm,  for  the  same  gas  velocity.  In  other  words,  it  was  assumed  that  all  the  drops  found  at  height  H>  80 
mm  had  passed  through  the  cross  section  at  H  =  80  mm. 


4  A 


Fig.  4.  Combined  data  on  dispersity  at  various  distances  from  the  plate  at  w  =  0.6 
m/  second  and  h  =  5  mm. 

A)  Number  of  drops  (running  total,  wt.o/o),  B)  drop  diameter  d(/i). 

Distance  H  between  plates  (in  mm):  1)  80,  2)  110,  3)  200,  4)  400. 

1,  2)  samples  taken  by  deposition,  3,4)  sampled  by  nozzle. 

This  generalization  of  the  partial  disperse  systems  in  one  is  quite  justified,  as  it  can  be  regarded  as  proved 
[2, 4j  that  all  the  drops  originate  during  bubbling  on  the  plate,  and  that  the  drops  do  not  disintegrate  or  coalesce 
in  flight. 

The  combined  curves  are  given  in  Figures  3  and  4,.  An  attempt  at  mathematical  interpretation  of  the 
resultant  family  of  curves  was  not  successful.  The  curves  could  not  be  represented  either  as  exponential  or  as 
logarithmic  functions;  they  were  not  rectified  either  in  logarithmic  or  in  semilogarithmic  coordinates. 

Material  transfer  rate  in  the  spray  layer  on  the  plate 

The  following  equation  may  be  used  as  the  starting  point  for  evaluation  of  the  material  transfer  rate  in 
the  spray  layer  under  the  plate  and  of  its  role  in  completion  of  the  processes  on  the  plate: 

dN  „  r.._ 

’ 

where  dN  is  the  amount  of  substance  passing  from  one  phase  into  another  in  time  dr;  d^is  the  elementary 
time  increment;  Kg  is  the  gas- phase  transfer  coefficient;  F  is  the  contact  area;  Ayav  is  the  average  motive 
concentration  difference. 

Without  considering  variations  of  Ay  at  different  heights  of  the  interplate  space,  we  can  use  the  above 
data  to  calculate  KgF  for  the  spray  layer  and  compare  the  result  with  the  overall  value  of  KgF  for  the  whole 
interplate  space  (including  material  transfer  directly  on  the  plate  itself)  data  for  the  evaporation  of  water  from 
air  on  sieve  plates  are  given  in  the  literature  [3]. 

As  it  did  not  prove  possible  to  express  the  dispersity  data  in  the  form  of  any  simple  equation,  it  was 
necessary  to  calculate  directly  the  value  of  K^F  for  drops  in  the  spray  layer.  The  problem  therefore  was  reduced 
to  the  derivation  of  an  analytical  expression  of  the  type  and  to  calculations  with  its  aid,  based  on  dispersity  and 


liquid  traii'sfor  data  at  different  distances  II  alwye  the  plate  and  at  several  velocities  w  in  the  column. 


•=ar 


i=N 


♦=i  <=i 


We  now  consider  the  initial  data  on  the  basis  of  which  this  relationship  was  derived. 

Gas-  phase  transfer  coefficient  K  .  If  we  assume  that  the  drops  are  spherical,  the  Nusselt  number  for 
heat  transfer  in  a  forced  stream  at  Re <150  can  be  found  from  Sokolsky's  formula  [5J: 

Nu  =2  +  0.16Re°'®’' 


It  is  known  that  Nup 
n  =  0.3,  according  to  Vyrubov  [6J. 


rf?l  v"D/ 


where  the  subscript  D  indicates  mass  transfer  and  where  the  exponent 


For  a  drop  of  water  surrounded  by  an  air  stream 


/Pr  \o.s  ^ 


since  Nup=  ,  we  find  an  expression  for 


g  d  y  m*’hr«kg'm  J 


where  is  the  coefficient  of  diffusion. 


Since  the  expression  for  Nu  includes  the  value  of  Re,  it  is  necessary  to  know  the  flight  velocity  of  each 
drop  in  the  given  cross  section  of  the  column. 

To  determine  the  possibility  of  calculating  the  mass- transfer  coefficient  from  a  certain  value  of  Nu, 
representing  the  average  for  all  the  drops,  the  possible  variation  limits  of  this  value  were  found:  the  maximum 
value  was  found  by  calculation  for  the  largest  drop  of  the  given  disperse  system  when  w  =  constant,  the  minimum 
value  was  taken  as  Nu  =  2  from  Sokolsky's  equation  and  the  average  value  was  found  from  the  expression 


Ar..  _  (^“/))niax  +  (^“B)min 
/VUp - ^  . 

In  calculations  of  the  upper  limit  of  Nu^^  for  the  largest  drop,  its  maximum  flight  velocity  was  taken, 
i.e.,  the  speed  Vq  at  which  the  drop  emerges. 

The  velocity  Vq  was  determined  from  the  differential  equation  for  the  forces  acting  on  the  drop  when  it 
is  thrown  up  vertically  in  a  vertically  ascending  air  stream. 

dv 

~-m-^=mg±  /, 

where  the  resistance  force  ^depends  on  Re,  and  is  first  positive  (f )  and  then  negative  (f^, 

dH  ' 

Taking  into  account  the  equation  v  =  — ; —  ,  and  solving  the  equation  for  H,  we  have: 

—  ur 


t  «• 


0 


to 


Substitution  of  the  values  of  the  resistance  f  and  f^  and  integration  gives  an  expression  for  the  height  H 
to  which  the  thrown-  up  drop  rises: 
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«=_f±llll/ _ g'° 

[a  V  (v  —  w)^-\-gla 


A 


Fig.  5.  Maximum  ascent  of  a  drop  as  a 
function  of  drop  diameter. 

A)  Distance  H  between  the  plates  (mm), 

B)  drop  diameter  d  (in  p).  Vapor  velocity 
w  ( in  m/ second);  1)0.1,  2)0.3,  3)0.4, 
4)0.6,  5)0.7. 


—  W 

_ — orctan-T . .  I 

^ag  ^g/a 


-i-  -L  In  Sla  __ .  ^gla  + 

^\2a  gja-w^ 


n, 


where,  in  addition  to  the  above  notation. 


a  ==-i- .  .  1-fiL 

m  '  '  g 

The  coefficient  of  resistance  c  in  the  expression 
for  a  is  calculated  by  means  of  the  equation 

c^=|^  at  Re<  2  and  at  2<  Re<  500  [8J. 

Solution  of  the  problem  consisted  of  obtaining 
an  identity  for  the  given  value  of  w  and  values  of  H 
and  d  found  from  the  graph  in  Figure  5. 

The  drop  velocity  at  height  H,  required  for 
calculation  of  the  coefficient  of  resistance  c,  was 
determined  by  consecutive  approximation  toward  the 
limiting  value  Vq  =  v2gH. 

The  calculated  results  were  used  to  plot  the 


emergence  velocity  of  the  drop  Vo  against  its  diameter  d  for  various  air  velocities  w  (Figure  6);  in  our  opinion, 
these  results  are  also  of  independent  interest  in  relation  to  studies  of  entrainment,  and  separation  of  the  en¬ 
trained  liquid,  and  they  can  also  be  used  for  calculation  of  the  maximum  and  average  values  of  Nuq  for  different 
drops. 


The  values  found  for  Nup  are  given  in  Table  1. 

Comparison  of  the  values  of  NuJ^  and  Nuj^  shows  them  to  be  of  the  same  order  of  magnitude  and  it  is  there¬ 
fore  legitimate,  in  order  to  simplify  calculations,  to  use  the  average  value  of  Nu^  found  for  the  given  velocity 
w,  in  determination  of  Kg  for  drops  of  all  sizes. 

Contact  area  F  of  the  disperse  system.  In  determination  of  the  phase  contact  area  in  the  zone  in  question 
it  was  assumed  that  all  drops  which  ascend  to  a  height  of  200  mm  above  the  plate  are  carried  over  irrevocably 
to  the  next  plate  by  the  gas  stream.  The  dlspersity  data  and  our  earlier  data  [2J  on  entrainment  (Figure  7)  can 
then  be  used  to  find  the  volume  B  of  liquid  passing  in  drop  form  in  one  second  across  1  m*  of  column  cross  section 
at  height  H; 

Ifg"' 

5=  O200  - (m*/m*  -sec.), 

2  M)m  T1 

<=i 


where  yg  is  the  density  of  the  gas;  is  the  density  of  the  liquid;  m  is  the  number  of  drops  of  the  given  size  in 
the  sample;  d^  is  the  drop  diameter. 

We  now  find  the  volume  content  nj  of  drops  of  diameter  d.  from  the  data  for  the  cross  section  H. 


n 


72*^0200 


^1-6 


Vi 


»=i 


(drops/hi®) 
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TABLE  1 

Limiting  and  Average  Values  of  Nu^ 


w 

f  in  m/ 
sec.) 

H 

'in 

mm' 

4max  ■ 

(in  m) 

Vb 

HScf 

(vo-w)- 

Maximum 
value  of 

iVu'jj  =  2  t 

J  0.16 

Average  value  of 
Nu'jy,+2 

0.153  •  10-« 

Nup  -  2 

0.1 

80 

0.162 

1.4 

13 

2.9 

2.4 

0.3 

80 

0.64 

1.25 

40 

3.9 

3.0 

0.4 

80 

0.754 

1.25 

42 

3.9 

3.0 

0.6 

80 

2.6 

1.15 

90 

5.2 

3.6 

0.7 

110 

2.6 

1.3 

98 

6.4 

3.7 

/t 


Fig.  6.  Emergence  speed  of  a  drop  as  a  function  of  its  size. 

A)  Drop  emergence  wslocity  vq  (in  m/  second),  B)  drop  size  d-lO^  (in  ji). 
Vapor  velocity  w  (in  m/ second):  1)0.3,  2)0.4,  3)0.6,  4)0.7. 
a)  With  resistance  taken  into  account,  b)  with  resistance  disregarded,  Vq. 


w  = 

=  0 .3  m/sec 

w  =  0.4m/  sec 

u;  =  0.6m/  sec 

w  = 

=  0.7  m/sec 

H  .  .  . 

0.08 

0.01 

0.32 

0.4 

0.08 

0.11 

0.2 

0.32 

0.4 

0.08 

0.11 

0.2 

0.32 

0.4 

0.4 

0.2 

0.32 

0.4 

d  •  104  , 

6.6 

2.4 

1.4 

1.2 

7.6 

3.4 

2.0 

1.4 

1.3 

25 

10 

4.1 

1.6 

1.3 

20 

7.4 

3.9 

3.4 

*^0  nysec 

1.25 

1.63 

3.3 

9.3 

1.26 

1.6 

2.6 

4.2 

8.1 

1.15 

1.46 

1.85 

3.6 

6.2 

1.68 

2.6 

2.9 

3.5 

1 

*^0  nVsec 

1.25 

1.48 

2.5 

2.8 

1.25 

1.48 

1.98 

2.5 

2.8 

1.25 

1.48 

1.98 

2.6 

2.8 

1.48 

1.98 

•2.5 

2.5 

The  individual  velocity  Vj  of  a  drop  of  diameter  d-  in  the  cross  section  H,  for  a  velocity  w  in  the 
column,  is  found  from  the  equation: 

Vi=S2g{Hxaax  —  H)  (m/se()- 

The  value  of  is  found  from  the  graph  in  Figure  5,  based  on  dispersity  data,  which  gives  the 

maximum  ascent  of  a  drop  with  the  resistance  of  the  medium  taken  into  account. 
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If  il)c  iiiiinl)cr  of  dio[)S  ascending  in  a  given  volume 

{F.)  = 

V  »/ase 


is  known,  their  surface  area  can  easily  be  found: 


The  surface  area  of  all  the  drops  present  simultaneously  in  1  m®  is  given  by  the  expression* 

(Fi)  •--2(Fi)  —  (Fj)  . 

total  asc  entr 


A 


Fig.  7.  Relative  entrainment  as  a  func¬ 
tion  of  air  velocity  in  a  small  unit  for 
apparent  level  h  =  5-6  mm,  and  at  dif¬ 
ferent  distances  from  the  plate, 

A)  Relative  entrainment  o  (in  g  H2O/  kg 
air),  B)  air  velocity  w  in  the  column 
cross  section  (in  m/  second). 

Distance  H  between  plates  (in  mm):  1)  80, 
2)  110,  3)  160. 


Mass  transfer  coefficient  Kga  per  1  111^  of 
column  cross  section.  Combining  the  expressions  for 
Kg  and  Fjq^^2  •  ihe  required  value  of  Kg®: 


Agfl  =  /:g(/')jQjgj-  An 


i  —  K 

njdjX  _ 
Vi  ju 


i  =  N 

_  /  flidj  \ 

^  \  Vi  /200 
»=  1 

where 


(n®/  m^  •  hr.kg/  m^  ) , 


6A^u.p  • 
i  =  N 

^  1  ^  (”t‘^?)200 

'•=1 


The  following  values  were  used  in  the  calcula¬ 
tion:  D^=6.6  .  10~’*’  mV  hour,  y  g  =  1,185  kg/  m^  (at 
t=  15“,  p— 740  mm),y^  =999  kg/ m®. 

In  a  paper  on  the  determination  of  K  a  for  a 
sieve  plate  [3],  values  for  H  =-400  mm  at  a  static 
level  h  =  25  mm  are  given.  However,  repeated  tests 
with  the  same  model  have  shown  that  the  mass  trans¬ 
fer  coefficients  for  H  =  400  mm  and  H  =  200  mm  are 
equal,  i.e,,  that  the  layers  of  the  interplate  space 
more  than  200  mm  above  the  plate  have  no  influence 
on  mass  transfer.  It  was  therefore  possible  to  use  these 
data  in  the  present  instance,  with  an  appropriate  cor¬ 
rection  Jo  for  the  value  of  h,  which  was  5  mm  in  our 
experiments. 


(O200)h  =  25 
(O200)h=5 

'Die  calculations  were  performed  as  follows.  We  used  the  data,  from  the  paper  cited  above,  on  disnersity 
and  entrainment  for  ^  =  constant  and  h  =5  mm  to  calculate  values  of  (Kga)^  for  distances  of  200,  160,  110, 
and  80  mm  above  the  plate  (corresponding  to  the  available  data  on  dispersity  and  entrainment);  these  were 
used  to  plot  the  graph  (Kga)j^_  cj  =  f(H)  for  veloeities  w=  0.7,  0.6,  and  0.4  m/second  in  the  column. 


The  values  ot 


‘*2 

r  (K  a)j^_5  for  different  ranges  of  H  were  found  planimetrically  from  the  graphs,  and 

Hi  o 


*  Drops  ascending  to  a  height  of  200  mm  constitute  irrevocable  entrainment,  while  the  others  fall  back  on  tire 
plate  after  passing  a  second  time  through  the  cross  section  H. 


Hz 

taken  relative  to  H^^=  rnultiplication  by  the  correction  factor  b,  gave  the  values  for  ^^^^h=25 


A 


Further,  on  the  basis  of  the  available  experi¬ 
mental  data  [3]  for  mass  transfer  on  one  plate  (Figure  8), 
and  taking  this,  from  the  foregoing,  to  be  ^°(Kga)jj=25 


this  value  was  compared  with  calculated  values  of 
mass  transfer  for  different  levels  of  This  com¬ 
parison  made  it  possible  to  plot,  for  the  H  =  80-200  mm 
range,  the  function  (K^a)^.  25~f^H)  and  to  estimate 


Fig.  8,  Plot  of  E  (Kga)25  =  f(w)  for  one 
plate,  from  experimental  data  [3J. 

A)  Mass  transfer  coefficient  Kg^zs 
kg/m*«hour*mm  Hg),  B)  vapor  velo¬ 
city  w  (in  m/ second). 


Fig.  9.  Plot  of  Kga  per  1  m*  of  plate  area,  for  a 
static  level  hjj  =  25  mm,  against  the  interplate 
distance. 

A)  Mass  transfer  coefficient  Kgajs  (in  kg/ m*  hour* 
mm  Hg),  B)  interplate  distance  H  (in  mm). 

Vapor  velocity  ^(in  m/ second);  l)— 0.6,  2)— 0.7. 


the  mass  transfer  in  the  upper  layers  of  the  interplate  space  (Figure  9).  The  calculated  values  of  E(Kga)jj_  25 
are  given  in  Table  2. 

The  results  of  this  investigation  show  that  the  upper  layers  of  the  inter  plate  space,  namely  the  upper 
50-70  mm  spray  layers,  have  no  significant  effect  of  the  overall  mass  transfer  coefficient  Kga  on  the  plate, 
and  their  share  of  the  mass  transfer  in  the  conditions  studied  is  of  the  order  of  ~  1%. 

It  was  stated  earlier  that  an  unavoidable  assumption,  without  which  it  was  impossible  to  determine  the 
moisture  content  of  the  vapor- gas  mixture  over  the  plate,  was  our  assumption  of  100%  liquid  entrainment  up  to 
a  height  of  200  mm.  It  is  known  that  the  plate  itself  exerts  a  separating  action  and  therefore  the  stream  of 
spray  under  the  plate  is  greater  than  the  entrainment.  Suppose  that  the  maximum  separating  effect  of  the  plate 
has  a  value  of  10,  which  is  the  value  obtained  for  the  best  separators  in  the  most  favorable  separation  conditions 
[2,  7J,  the  conclusion  that  the  role  of  the  upper  layers,  which  in  this  case  will  be  of  the  order  of  10%,  is  un¬ 
important  still  remains  qualitatively  valid,  because,  even  in  calculations  for  these  harsh  conditions,  a  spray 
zone  50-70  mm  high  does  not  determine  mass  transfer  in  the  interplate  space  200  mm  high. 

It  was  not  possible  to  analyze  the  mass  transfer  rate  at  lower  levels  owing  to  the  fact  that  at  h  =  25  mm  all 
the  remaining  space  was  filled  with  foam,  while  for  h  =  5  mm,  when  the  spray  layer  at  the  velocities  used  was 
~  180  mm,  no  data  were  available  on  mass  transfer  in  the  interplate  space.  Nevertheless,  the  qualitative  con¬ 
clusion  that  the  phase  contact  area  in  the  upper  layer  has  little  significance  seems  to  us  quite  obvious. 

This  conclusion  differs  radically  from  Stabnikov's  evaluation  [1],  based  on  theoretical  calculations,  of 
the  significance  of  the  upper  layers  of  the  interplate  space.  As  the  result  of  a  whole  series  of  arbitrary  assump¬ 
tions  Stabnikov  finds  that,  for  an  interplate  distance  of  330  mm,  the  upper  region  100  mm  high  (the  spray  zone) 
contains  a  phase  contact  area  equal  to  43%  of  the  total  mass  transfer  area  in  the  interplate  space  (0.119  m^  of  a 
total  0.2775  m^  per  stream  of  vapor).  This  conclusion,  which  is  not  supported  experimentally  in  any  way,  can¬ 
not  be  reliable. 
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(K  0)5  was  determined  planimetrically  from  the  graphs  in  the  range  from  to  H2, 


The  finding  that  the  effectiveness  of  the  upper  layers  of  the  interplate  space  is  low  appears  to  us  to  be 
very  im|X)rtant,  as  it  refutes  the  only  theoretical  objection  to  interplate  separation. 


SUMMARY 

1.  The  factor  which  determines  the  given  degree  of  dispersion  at  a  height  H  is  the  gas  velocity  (bubbling 
velocity).  Increase  of  the  liquid  level  on  the  plate  above  5  mm  has  no  significant  influence  on  the  dispersity. 
Comparison  of  the  size  distribution  curves  for  different  levels  showed  that  no  fragmentation  of  the  drops  takes 
place  in  the  spray  stream,  and  the  only  cause  of  variations  in  the  degree  of  dispersion  along  the  height  of  the 
stream  is  the  fact  that  large  drops,  having  reached  the  maximum  height,  fall  down.  Therefore  the  drop  distri¬ 
bution  curves  for  different  levels  H  above  the  plate  can  be  represented  as  parts  of  the  distribution  curve  for 

the  lowest  level,  obtained  by  cutting  off  a  region  limited  by  the  maximum  drop  size  which  ascends  to  the 
level  H  in  question. 

2.  Mass  transfer  under  spray  conditions  and  at  velocities  up  to  0.6-0, 7  m/ second  largely  occurs  directly 
in  the  layer  of  emulsion  and  large  drops  above  the  plate,  while  the  significance  of  the  upper  layers  of  the  spray 
layers,  according  to  preliminary  calculations,  represents  only  a  few  per  cent.  A  decrease  of  the  height  of  the 
interplate  space  cannot  have  an  adverse  effect  on  mass  transfer  between  the  plates  if  the  diluting  effect  of 
entrainment  does  not  operate, 

3.  The  drops  which  have  received  an  impetus  during  bubbling  of  the  gas  through  the  liquid  on  the  plate 
are  of  decisive  significance  in  entrainment.  These  drops  constitute  the  predominant  proportion  by  weight, 
reaching  80-90%  (at  air  velocities  of  0.1-0. 7  m/ second).  Thus,  of  the  two  factors  in  the  dynamic  action  of 
the  gas  stream  on  the  liquid  only  one  is  significant  in  entrainment  -  the  impetus  received  by  the  drops  during 
bubbling;  the  weight  fraction  of  the  free-floating  drops  in  the  disperse  system  of  the  interplate  space  is 
vanishingly  small  and  does  not  affect  the  magnitude  of  the  entrainment. 

4.  To  decrease  entrainment,  interplate  separators  should  be  used;  these  should  be  designed  to  throw 
back  large  drops. 

Comparison  of  the  bubbling  processes  on  sieve  and  bubble  -  cap  plates  indicates  that  these  conclusions 
may  be  extended  to  bubble- cap  plates. 
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SOME  QUESTIONS  OF  THE  MOTION  OF  OASES  IN  SHAFT  FURNACES 


N.  P.  T abunshchikov 


The  search  for  further  improvements  of  equipment  in  which  gaseous  reagents  interact  with  material  in 
the  form  of  lumps  (shaft  furnaces,  converters,  absorbers,  etc.)  involves,  as  an  urgent  problem,  the  study  of  the 
aerodynamics  in  such  equipment.  In  this  connection  several  papers  have  been  recently  publi^ed  [1-4]  on  ex¬ 
perimental  studies  of  the  velocity  fields  of  gases  in  industrial  equipment. 

Certain  concrete  problems  concerning  the  motion  of  gases  in  reactors  filled  with  catalyst  were  solved 
experimentally  by  Aerov  and  Umnik  [3].  In  our  own  investigation  [4j  the  motion  of  gases  in  shaft  kilns  was 
studied.  The  basic  laws  governing  the  motion  of  a  gas  stream  from  a  lump  of  burning  fuel  in  the  layer  of 
charge  were  used  for  critical  analysis  of  the  operation  of  devices  which  distribute  the  charge  across  the  furnace 
[53. 

The  investigations  cited  here  by  no  means  exhaust  the  range  of  problems  relating  to  the  aerodynamics  of 
industrial  equipment.  For  example,  little  is  known  about  the  gas  velocity  field  in  a  furnace  if  the  gas  is  intro¬ 
duced  through  tuyeres  or  special  "inlets"  (in  furnaces  with  removable  combustion  chambers).  This  question  is 
becoming  particularly  important  in  connection  with  the  intended  replacement  of  solid  by  gaseous  fuel  in  some 
factories,  and  also  in  relation  to  the  use  of  oxygen- enriched  blast;  it  therefore  formed  the  subject  of  the 
present  investigation. 

The  mixing  of  separately  introduced  gas  streams  in  a  layer  of  lump  material  cannot  be  studied  with  the 
aid  of  thermoanemometers.  In  such  cases  the  method  developed  by  Aerov  and  Umnik  [1]  is  useful.  This 
frequently  used  method  is  based  on  the  definite  relationship  which  exists  between  the  displacement  of  the  sorp¬ 
tion  front  of  an  admixture  in  a  moving  gas  and  the  linear  velocity  of  the  latter, 

EXPERIMENTAL 

Velocity  field  of  a  gas  in  a  lump  charge  if  the  gas  is  introduced  through  tuyeres  in  the  furnace  wall.  In 
this  series  of  experiments  the  introduction  of  the  gas  through  tuyeres  only  is  considered,  in  relation  to  ftirnaces 
with  removable  combustion  boxes  (at  low  gas  velocities).  Introduction  of  gas  at  velocities  of  50-100  m/ second, 
characteristic  of  blast  furnaces,  was  not  investigated. 

The  experiments  were  carried  out  in  a  model  shaft  furnace,  1/25  natural  size  (the  model  was  160  mm 
in  diameter  and  800  mm  high).  The  similitude  conditions  were  formulated  previously  [3,4],  and  are  therefore 
not  given  here. 

It  was  found  experimentally  that  of  the  gas  is  introduced  only  through  a  tuyere  its  depth  of  penetration 
was  approximately  the  same  in  all  directions  except  vertically  upward,  where  it  was  greatest.  Penetration  of 
the  gases  along  the  walls  in  a  horizontal  direction  on  each  side  of  the  tuyere  is  always  greater  than  the  depth 
of  penetration  toward  the  axis  of  the  furnace  sliaft,  because  of  the  lower  density  of  the  material  at  the  wall. 
Therefore,  when  a  gas  penetrates  into  a  sliaft  of  circular  cross  section  to  a  depth  equal  to  the  shaft  radius,  the 
gas  will  always  penetrate  peripherally  along  the  walls  to  a  distance  somewhat  greater  than  2R.  In  this  case 
the  minimum  number  of  tuyeres  required  for  uniform  distribution  of  the  gas  around  the  shaft  periphery  will  be 
3.  Hence  the  determining  factor  in  the  spread  of  gas  through  the  charge  will  be  the  depth  of  penetration  in 
a  radial  direction,  and  not  peripherally.  The  velocity  field  in  the  vertical  section  of  the  diaft  drawn  through 
the  tuyere  axis,  for  a  gas  efflux  velocity  of  1.5  m/ second  and  lumps  6-8  mm  in  size  can  be  represented  by  the 
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W  =80.-^  +  20, 

K 

equation  wliere  W  is  the  relative  velocity  of  the  gas  (as  %  of  the  velocity  at  the  wall,  taken  as  100);  R  is 
shaft  radius:  r^is  the  running  radius. 

When  r  =  0,  W^.  =  20"^.,  so  that  an  unsteady  velocity  field  is  present  in  sharply  defined  form  (this  case  is 
analogous  to  the  introduction  of  air  at  the  furnace  periphery  only,  at  H  =D-2D)  [4J. 

When  the  linear  velocity  of  the  gas  in  the  tuyere 
was  increased  to  12,5  m/  second  the  velocity  field 
became  equalized  and  the  minimum  value  of  the 
relative  velocity  along  the  axis  increased  from  20  to 
50%  (Figure  1). 

For  a  velocity  field  characteristic  of  the  estab¬ 
lished  region  (W^,  =0.7Wp)  to  be  reached,  the  gas 
streams  must  overlap.  At  =  R 


^Pmax  the 


p.75 


maximum  penetration  of  the  gas  into  the  charge),  the 
relative  velocity  in  the  direction  of  the  shaft  axis  will 
be  0.7  of  the  velocity  at  the  walls,  wliich  corresponds 
to  the  above  condition. 

Motion  of  streams  of  gas  introduced  simultane¬ 
ously  over  the  whole  cross  section  (underblast)  and 
through  tuyeres  (peripheral  blast).  If  the  gas  is  intro¬ 
duced  simultaneously  over  the  whole  cross  section  from 
below  the  furnace  and  through  tuyeres,  the  gas  stream 
introduced  through  tuyeres  is,  as  it  were,  "pressed" 
against  the  furnace  walls.  The  degree  of  penetration 
of  the  gas  toward  the  shaft  axis  is  influenced  by  the 
dimensions  of  the  tuyere,  the  determining  diameter 

of  the  lumps  of  charge,  and  the  velocity  ratio  (ratio  of  the  gas  velocities  in  the  full  cross  sections  of  the  tuyere 
and  furnace  C  =  V^./  V^). 

The  effect  of  the  velocity  ratio  on  the  depth  of  penetration  of  the  gas  into  the  charge  was  studied  over  a 
fairly  wide  range,  from  2  to  300.  The  penetration  of  the  gas  into  the  charge  increases  with  increasing  gas  velo¬ 
city  in  the  tuyere  (and  therefore  with  increasing  velocity  ratio). 

The  penetration  of  the  gas  stream  from  the  tuyere  into  the  charge  is  more  conveniently  expressed  by  a 
dimensionless  factor  equal  to  the  ratio  of  the  maximum  penetration  of  the  gas  to  the  determining  diameter  of 
the  lumps  of  charge. 

^max 


Fig.  1.  Gas  velocity  field  with  gas 
introduced  through  a  tuyere.  Gas 
efflux  velocity  12.5  m/  second. 


The  factor  G  therefore  represents  the  maximum  number  of  layers  of  charge  lumps  of  average  size  surrounded 
by  the  gas  introduced  through  the  tuyeres.  The  relationship  between  the  penetration  factor  and  the  velocity  ratio 
C  =Vj./ Vf,  for  equal  tuyere  diameters  and  average  lump  sizes  is  plotted  in  Figure  2.  Variation  of  C  between  2 
and  300,  which  is  a  150- fold  increase,  results  in  a  relatively  small  increase  of  G,  from  2  to  7,  the  increase  of 
G  being  more  rapid  at  lower  values  of  C. 

The  tuyere  diameter  has  a  significant  effect  on  the  depth  of  gas  penetration.  We  denote  the  ratio  of  the 
tuyere  diameter  to  the  average  lump  size  by  K. 

^c 

The  results  of  an  experimental  study  of  G  as  a  function  of  K  and  C  are  given  in  the  Table  for  5  values  of 
C,  and  more  fully  in  Figure  3.  The  tabulated  data  give  an  idea  of  the  variations  found  in  parallel  experiments. 
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Variations  of  the  Gas  Penetration  Factor  at  Different  Ratios  of  the  Tuyere  Diameter  to 
Average  Lump  Size  for  Different  Values  of  C 


c  = 

10 

C  = 

100 

C  = 

150 

C  =  200 

C  =  300 

K 

0 

K 

G 

K 

G 

K 

G 

K 

G 

0.27 

1.3 

0.43 

3.7 

0.75 

4.8 

0.45 

4.5 

0.43 

5.1 

0.27 

1.6 

0.75 

3.5 

0.79 

4.7 

0.45 

5.0 

0.43 

5.2 

0.27 

1.7 

0.75 

4.1 

0.79 

5.1 

0.45 

5.0 

0.75 

6.2 

0.75 

2.4 

0.80 

4.5 

0.79 

5.3 

0.45 

5.3 

0.75 

6.7 

0.75 

2.6 

0.80 

4.6 

0.80 

5.3 

0.79 

5.3 

0.91 

7.4 

0.80 

2.8 

0.91 

4.8 

1.72 

7.9 

0.79 

5.6 

0.91 

7.5 

0.80 

3.0 

0.91 

4.9 

1.72 

8.2 

0.79 

6.0 

1.07 

6.5 

0.91 

2.9 

1.72 

7.2 

1.79 

8.1 

0.80 

5.8 

1.79 

8.8 

0.91 

3.0 

1.72 

7.3 

0.80 

5.9 

1.79 

9.4 

1.09 

3.0 

1.72 

7.7 

1.72 

7.7 

1.88 

9.8 

1.09 

3.1 

3.04 

11.6 

1.72 

8.3 

1.88 

10.5 

1.41 

4.1 

3.04 

11.9 

3.04  1 

12.8 

1.72 

4.5 

3.04 

12.1 

3.04 

13.6 

1.72 

5.4 

3.04 

12.8 

1.88 

4.7 

3.04 

13.0 

1.88 

5.1 

3.43 

15.0 

3.04 

8.0 

3.43 
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3.04 

8.5 
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8.7 

3.04 

8.9 

3.86 

9.5 

3.86 

10.3 

3.86 

10.3 

The  experimental  results  can  be  represented  by  the  following  empirical  equations: 


a)  for  C  from  1  to  20 


(1.2  +  log  C)  K  -  0.7  log  C  +  1.2; 

(1) 

b)  for  C  from  20  to  100 

;  =(1.2  + log  C)  K  +0.0156  C; 

(2) 

c)  for  100  <  C  <300 

G— 3.2K  +  1.4C°'“  -3. 

(3) 

A 


Fig.  2.  Variation  of  the  gas  penetration  factor  with  velocity 
ratio  C  —  V ,/  V  f . 

A)  Gas  penetration  factor  G,  B)  velocity  ratio  C. 
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Fig.  3.  Variation  of  the  gas  penetration  factor  with  K  = 

A)  Gas  penetration  factor  G,  B)  ratio  of  tuyere  diameter  to  average 
lump  size,  K. 

Velocity  ratio  C:  1)  1,  2)  5  ,  3)  10  ,  4)  50  ,  5)  100  ,  6)  150  ,  7)  200, 
8)  300. 


To  ensure  a  more  uniform  velocity  field  over  the  cross  section  of  an  industrial  furnace,  instead  of  the 
maximum  value  for  the  gas  penetration  an  average  value,  equal  to  0.75  Pmax»  should  be  used.  Then  trans¬ 
formation  of  Equations  (1),  (2),  and  (3)  with  respect  to  the  tuyere  diameter  gives  the  empirical  formulas; 


for  C  from  1  to  20 
^  _  ■l.33R  +  (0.7  log  C  +  1.2)  •  dc  ; 
*  1.2  + log  C 

for  C  from  20  to  100 
^  1.33R- 0.0156  -C  -  dc 

d,=  - S-: 

1.2  + log  C 
for  100  <  C:s300 

^  1.33R+ 3dc  —  1.4  •  C®*“  -dc 

dt= _ I _ ^ 

3.2 


(1) 


(2) 

(3) 


where  R  is  the  determining  dimension  of  the  furnace  cross  section  (the  radius  for  a  shaft  of  circular  section, 
and  half  the  width  for  a  rectangular  section;. 

Calculations  of  tuyere  dimensions  must  be  based  on  the  amount  of  gas  to  be  fed  through  the  tuyere,  the 
diameter  of  the  furnace,  and  the  lump  size  of  the  charge.  The  unknown  are  the  tuyere  dimensions  and  the  gas 
velocity  in  the  tuyere.  For  calculation  of  dj  an  estimated  value  for  the  gas  velocity  is  taken  and  dj  is  found; 
the  actual  velocity  is  then  calculated  and  compared  with  the  value  assumed  initially. 

The  results  of  the  investigation  provide  a  solution  to  the  problem  of  the  rational  use  of  oxygen-  enriched 
blast.  It  is  known  that  the  use  of  blast  with  an  increased  oxygen  content  intensifies  combustion  of  the  fuel  and 
results  in  a  considerable  rise  of  temperature  in  the  burning  zone,  with  an  adverse  effect  on  the  furnace  lining. 

To  prevent  the  effects  of  high  temperatures  on  the  lining,  it  is  possible  to  create  a  protective  layer  of  air  at 
the  furnace  walls.  The  combustion  at  the  walls  will  then  proceed  under  normal  conditions,  while  in  the  central 
part  of  the  fiunace  it  will  take  place  in  an  oxygen- enriched  atmosphere. 

If  the  oxygen- enriched  blast  enters  through  tuyeres  and  not  along  the  shaft  axis,  replacement  of  the  lining 
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is  necessary  and  the  burning  of  the  material  will  be 
irregular.  Thus,  the  only  correct  solution  is  for  the 
oxygen  blast  to  be  introduced  along  the  furnace  shaft 
axis  (through  a  center  pipe  or  some  other  device). 

For  a  given  thickness  of  air  layer  (~5dj,)  it  is 
possible  to  calculate  the  amount  of  air  blown  into  the 
tuyeres  and  the  tuyere  dimensions. 

Effect  of  the  number  of  tuyeres  on  the  gas 
velocity  field.  If  it  is  necessary  to  ensure  penetration 
of  gas,  introduced  through  tuyeres,  to  the  shaft  axis 
(in  furnaces  with  removable  combustion  boxes)  the 
number  of  tuyeres  has  a  significant  influence  on  the 
gas  velocity  field.  Increase  of  the  number  of  tuyeres 
at  a  constant  gas  feed  rate  will  result  in  a  decrease 
of  the  ratio  C  if  dj  =  constant,  or  a  decrease  of  K  if 
C  =  constant [  this  follows  from  Equations  (l),  (2),  and 
(3)  J.  In  all  cases  an  increase  of  the  number  of  tuyeres 
will  lead  to  undesirable  consequences.  Figure  4  repre¬ 
sents  the  results  of  experiments  in  which  equal  amounts 
of  gas  were  introduced  through  three  and  six  tuyeres, 
with  df  =  constant,  Cj  =  290,  and  Cj  =  145.  In  the  latter 
case  the  fraction  of  the  shaft  cross  section  not  pene¬ 
trated  by  the  gas  was  considerably  greater  than  when 
3  tuyeres  were  used. 

It  was  necessary  to  determine  the  number  of  tuyeres  which  gives  the  most  uniform  distribution  of  the 
velocity  field  in  the  furnace. 

As  already  stated,  the  penetration  L  around  the  furnace  periphery  is  greater  than  2P.  This  is  confirmed 
by  experiments  in  which  the  gas  is  fed  simultaneously  through  tuyeres  and  along  the  shaft  axis.  Analysis  of  the 
results  of  134  experiments  showed  that  in  most  cases  (92.5'y<)  L/  P>  2.  In  a  large  number  of  experiments  (65) 

L/  F  varied  in  the  range  2. 2- 3.0. 

Thus  the  penetration  of  gas  along  the  walls  in  practice  always  exceeds  the  penetration  toward  the  shaft 
axis,  and  the  number  of  tuyeres  necessary  is  3.  If  penetration  of  the  gas  to  the  shaft  axis  not  intended,  the 
number  of  tuyeres  necessary  to  give  uniform  distribution  of  gas  at  the  walls  increases,  and  becomes 


The  downward  spread  hj  of  the  gas  from  the  tuyere  axis  depends  on  the  velocity  ratio.  At  low  values  of 
C  the  downward  penetration  of  gas  from  the  tuyere  axis  is  practically  zero,  while  h^j  increases  with  increase  of 
the  velocity  ratio.  The  value  of  h^,  the  distance  from  the  tuyere  axis  to  the  cross  section  at  which  maximum 
penetration  of  the  gas  into  the  charge  is  attained,  also  varies  with  C.  As  h^j  increases,  h^  diminishes.  When 
C  =  10,hj  =  O  and  h^  =  bd^;  when  C  =  300,  h(j  =  3d(,  and  h^  =  2d^. 

MLxinfT  of  gases  introduced  through  tuyeres  with  gases  moving  in  the  furnace  shaft.  To  investigate  the 
mixing  of  gases  introduced  through  tuyeres  with  gases  moving  across  the  whole  section  of  the  shaft,  air  saturated 
with  iodine  vapor  was  consecutively  introduced  at  different  points.  First,  the  region  of  spread  of  the  gas  in  the 
charge  when  introduced  through  a  tuyere  was  investigated.  Pure  air  was  then  blown  through  the  tuyere,  and  air 
with  iodine  vapor  was  introduced  up  the  shaft.  The  region  containing  uncolored  charge,  indicating  absence  of 
mixing,  was  noted. 

Figure  5  shows  the  results  of  superposition  of  two  experiments  with  a  charge  of  7-10  mm  lump  size  at 
dj;  =  12  mm  and  velocity  ratio  C  =  10.  The  regions  shown  in  double  shading  represent  regions  of  vigorous  mixing 
of  the  gases.  In  single- shaded  regions  only  partial  mixing  of  gases  took  place,  while  in  unshaded  regions  there 
was  no  mixing. 


Fig.  4.  Depth  of  penetration  of  gas  into 
a  charge  at  constant  feed  rate  when  the 
number  of  tuyeres  is  doubled. 

Shading  represents  the  region  not  pene¬ 
trated  by  the  gas  fed  through  6  tuyeres 
(C  =  290);  double  shading  -  gas  fed 
through  3  tuyeres  (C  =  145). 
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Fig.  5.  Region  of  gas- stream  mixing. 


In  these  experiments  the  region  in  which  no  gas 
mixing  took  place  had  the  following  dimensions: 
width  2d(,,  depth  Id^,  height  6dj. . 

Equalization  of  the  gas  concentration  as  the  result 
of  mixing  over  the  region  of  its  penetration  is  attained 
at  a  height  of  15-20dj. . 

SUMMARY 

The  results  of  this  investigation  can  be  used  to 
determine  the  number  and  dimensions  of  tuyeres  re¬ 
quired  for  particular  conditions.  If  oxygen  blast  (or 
oxygen- enriched  air)  is  used;  it  is  possible  to  design  a 
rational  scheme  for  its  introduction  into  the  furnace 
with  a  protective  air  layer  formed  at  the  walls.  Data 
on  gas  mixing  can  be  used  to  select  the  points  at  which 
the  tuyeres  are  installed,  in  order  to  diminish  the  action 
of  the  high- temperature  zone  on  the  furnace  lining. 
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INFLUENCE  OF  ELECTROLYSIS  CONDITIONS  AND  ELECTROLYTE 
COMPOSITION  ON  THE  POROSITY  OF  ELECT  ROD  EPOSIT  ED 


NICKEL  COATINGS 

A.  L.  Rotinyan,  N.  P.  Fedotyev,  E,  E,  Mishchenkova,  and  De  Du— kho 


It  is  known  that  electrodeposited  nickel  coatings,  especially  in  thin  layers,  have  open  pores,  which 
result  in  a  considerable  decrease  of  the  protective  effect  of  the  coatings. 

Numerous  investigations  have  therefore  dealt  with  methods  for  determination  of  porosity,  elucidation  of 
the  causes  of  pore  formation  in  the  coatings,  and  development  of  conditions  for  formation  of  nonporous  nickel 
deposits  [1-4]. 

There  are  several  causes  of  porosity  in  electrocoatings.  There  is  no  doubt  that  presence  of  dust,  sludge, 
impurities,  and  colloidal  particles  of  hydroxides  or  basic  salts  in  electrolytes  favors  the  formation  of  deposits 
with  increased  porosity.  Inadequate  preparation  of  the  surface,  or  its  contamination,  also  favor  high  porosity 
in  coatings.  However,  elimination  of  these  causes  does  not  prevent  porosity,  but  merely  diminishes  it. 

Adhesion  of  hydrogen  bubbles  to  the  cathode  surface  can  also  be  a  factor  in  increased  porosity  [5J.  How¬ 
ever,  the  so-called  hydrogen  porosity  is  not  the  main  cause  of  this  effect. 

One  very  important  cause  of  porosity  in  nickel  coatings  lies  in  the  specific  nature  of  the  electrocrystalli¬ 
zation  of  the  nickel  deposit.  It  is  therefore  natural  that  variations  of  electrolysis  conditions  and  electrolyte 
composition,  leading  to  variations  of  electrocrystallization  conditions,  should  influence  the  porosity  of  the 
cathodic  deposit. 

The  influence  of  some  electrolysis  conditions  on  the  porosity  of  nickel  coatings  has  been  studied  by 
Vagramyan  and  Sutyagina  [6J.  They  studied  the  influence  of  the  base  metal  and  conditions  of  cathode  surface 
treatment  on  the  porosity  of  the  coating,  and  determined  variations  of  porosity  with  thickness  of  the  coating, 
cathode  current  density,  and  presence  of  surface- active  substances  in  the  electrolyte. 

They  used  an  electrolyte  of  the  following  composition  (in  g/liter):  NiS04  .  7H2O  166,  H3BOS  30, 
Na2SO4*10H2O  50,  MgS04*7H20  20,  NaCl  2,  at  17-20".  They  showed  that  the  number  of  pores  in  electro- 
deposited  nickel  decreases  sharply  with  increasing  thickness  of  the  deposit  up  to  a  definite  value  of  the  order  of 
20y ,  while  further  increase  of  thickness  diminishes  the  porosity  only  slightly.  They  also  showed  that  a  plot  of 
the  number  of  pores  against  the  cathode  current  density  passes  through  a  minimum  at  Dj,  =  1.5-2  amp/ dm*. 
Unfortunately  Vagramyan  and  Sutyagina  did  not  study  the  influence  of  temperature  or  electrolyte  composition 
on  porosity.  This  influence,  however,  may  be  very  significant  for  selection  of  the  optimum  electrolyte  composi¬ 
tion. 


The  role  of  electrolyte  composition  in  relation  to  porosity  is  seen  even  from  the  fact  that  Evlannikov  and 
Neiman[7j  suggested  the  use  of  the  following  electrolyte  (in  g/liter):  NiS04*7H20  250,  NiCl2*6H20  8, 

H3BO3  30,  for  the  production  of  nonporous  coatings;  this  differs  greatly  from  the  electrolyte  used  by  Vagramyan 
and  Sutyagina.  However,  it  is  not  possible  to  tell  from  Evlannikov  and  Neiman’s  paper  whether  this  is  really  the 
optimum  composition. 

It  is  interesting  to  note  that  the  electrolyte  used  by  Evlannikov  and  Neiman  does  not  contain  foreign 
cations,  which  are  not  involved  in  the  cathode  process  but  which  increase  the  conductivity  of  the  solution  and 
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which,  in  the  opinion  of  some  authors,  assist  in  the  formation  of  good- quality  coatings. 

It  follows  from  the  foregoing  that  the  question  of  the  influence  of  electrolysis  conditions  and  electrolyte 
composition  on  the  porosity  of  nickel  coatings  cannot  be  regarded  as  fully  solved.  Therefore  the  purpose  of 
the  present  investigation  was  a  systematic  study  of  the  influence  of  each  of  the  electrolysis  conditions  and 
electrolyte  components  on  tlie  porosity  of  the  coatings,  and  determination  of  the  optimum  electrolyte  com¬ 
position  and  process  conditions  which  give  deposits  of  minimum  porosity,  from  the  results. 


METHOD 

Electrolytes  of  known  composition  were  prepared  from  chemically  pure  reagents  and  an  electric  current 
(0.1-0.2  amp  /dm^)  was  then  passed  through  them  for  10  hours.  After  this  treatment  the  electrolytes  were 
filtered.  The  electrolysis  was  carried  out  in  small  cells,  containing  125  ml  of  electrolyte  and  fitted  with  lids. 
The  anodes  were  nickel  plates  of  high  purity,  and  the  cathodes  were  copper  or  iron  plates  62x17x1  mm. 

The  plates  were  immersed  in  the  solution  to  a  depth  of  40  mm.  The  cathode  surface  preparation  was  carried 
out  under  strictly  constant  conditions. 

The  cathode  surfaces  were  first  ground,  and  after  careful  cleaning  the  surfaces  were  polished  on  a  felt 
disk  with  State  Optical  Institute  paste  to  a  mirror  luster.  The  plates  were  then  degreased  by  rubbing  with  cotton 
wool  dipped  in  ligroine.  The  final  degreasing  was  performed  with  Vienna  caustic.  The  thickness  of  the  coat¬ 
ings  and  the  current  efficiency  were  calculated  from  the  weights  of  the  cathodes  with  the  deposits  and  of  the 
coulo meter  cathode. 

The  number  of  pores  per  unit  area  of  cathode  was  determined  by  counting  under  the  microscope  at 
63— fold  magnification.  To  reveal  the  pores,  the  cathode  was  first  immersed  for  10  minutes  in  a  solution  con¬ 
taining  10  g  of  NaCl  and  10  g  of  K3Fe(CN)6  per  liter,  and  then  for  a  few  seconds  in  a  solution  containing  40  g 
K4Fe(CN)6  per  liter.  This  method  proved  to  be  much  more  sensitive  than  the  standard  method  (by  counting  the 
number  of  pores  on  filter  paper  moistened  with  Walker’s  reagent)  and  revealed  pores  which  cannot  be  detected 
by  the  usual  method. 

Data  in  confirmation  of  this  are  given  in  the  Table. 


Comparative  Porosity  Data  for  Nickel  De¬ 
posits,  Determined  Microscopically  and  by 
the  Standard  Method 


Thickness  cf 
deposit  (p) 

ilumber  of  pores  per 

1  cm2,  determined 

micro¬ 

scopically 

uy  the  stand¬ 
ard  method 

9 

30 

5 

15 

13 

2 

19 

6 

2 

25 

7 

2 

29 

7 

2 

39 

6 

2 

It  follows  from  these  data  that  the  microscopic 
method  for  determination  of  the  number  of  pores  gives 
higher  porosity  values  than  the  standard  method, 
especially  for  the  thinner  nickel  coatings.  However, 
this  does  not  necessarily  mean  that  the  microscopic 
method  is  an  absolute  method  which  reveals  pores  of 
all  diameters,  down  to  the  smallest.  Nevertheless, 
there  is  no  doubt  that  it  is  an  entirely  acceptable  com¬ 
parative  method,  which  gives  satisfactory  reproduci¬ 
bility  of  the  results  and  relationships  derived  from  them. 
In  any  event,  all  the  relationships  between  porosity  and 
various  factors  were  invariably  reproduced  in  a  parallel 
series  of  experiments. 

The  starting  electrolyte  had  the  following  com¬ 
position  (in  g/ liter):  NiS04-7H20  166,  H3BO3  30, 
Na2SO4-10H2O  50,  MgS04 -7^120  20,  NaCl  20. 


In  addition,  some  series  of  experiments  were  carried  out  with  Pasechnik  and  Popova’s  electrolyte  (NiS04-  7 
H2O  350  g/ liter,  H2SO4  to  pH=l-2)  [8,9J,  which  was  recommended  for  rapid  deposition  conditions. 


EXPERIMENTAL 

Effect  of  thickness  of  the  deposit.  The  results,  together  with  the  curve  obtained  by  Vagramyan  and 
Sutyagina,  are  plotted  in  Figure  1. 
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It  is  seen  that  our  results  are  in  good  agreement  with  the  results  obtained  by  Vagramyan  and  Sutygina. 

The  curves  change  direction  sharply  at  thicknesses  of  the  order  of  20;j . 

The  nature  of  the  curve  depends  somewhat  on  the  material  of  the  base.  Consequently  a  minimum  coating 
thickness  of  the  order  of  20^  is  recommended  to  give  minimum  porosity. 

Effect  of  cathode  current  density.  Figure  2  shows  curves  obtained  for  a  copper  (Curves  1  and  2)  and  an 
iron  (Curve  3)  cathode.  For  comparison,  the  curve  obtained  by  Vagramyan  and  Sutyagina  is  also  given. 

It  is  seen  that  all  the  curves  pass  through  a  minimum  at  =  1.5  amp  /  dm*,  but  the  right-hand  branches 
of  our  curves  ascend  much  more  steeply  than  in  the  curve  obtained  by  Vagramyan  and  Sutyagina  [6J,  and  the 
porosity  increases  more  rapidly  on  the  copper  than  on  the  iron  cathode. 

This  sharp  increase  of  porosity  at  high  current  density  in  our  experiments  is  the  result  of  commencing 
embedment  of  hydrates  in  the  deposits.  It  follows  from  these  experiments  that,  for  minimum  porosity,  the 
electrolysis  should  be  performed  at  about  1.5  amp  /  dm*. 

Effect  of  temperature.  It  follows  from  the  curves  in  Figure  3  that  the  porosity  first  diminishes  considerably 
with  increase  of  temperature,  and  then  remains  practically  constant  after  50*.  Agitation  of  the  electrolyte  did 
not  influence  the  porosity,  within  the  limits  of  experimental  error. 

Pasechnik  and  Popova's  electrolyte  proved  much  less  satisfactory  from  the  porosity  aspect  when  used  under 
the  same  conditions. 

It  follows  from  the  data  in  Figure  3  that,  to  obtain  deposits  of  minimum  porosity,  the  electrolysis  must  be 
carried  out  at  a  temperature  not  below  50". 

Effect  of  nickel  sulfate  concentration.  According  to  a  very  commonly  held  view,  increase  of  the  nickel 
concentration  in  the  electrolyte  has  a  favorable  influence  on  the  quality  of  the  cathodic  deposit. 

The  two  curves  in  Figure  4,  representing  parallel  experiments,  show  that  the  actual  relationship  is 
considerably  more  complex.  The  porosity  does  decrease  at  first  with  increasing  nickel  concentration  in  the 
electrolyte  but  later,  beyond  concentrations  of  the  order  of  0.7-0. 9  mole/ liter,  it  begins  to  increase  again. 
Therefore  the  minimum  porosity  is  obtained  in  the  nickel  sulfate  concentration  range  of  0.7-0. 9  mole/liter. 

Effect  of  sodium  chloride  concentration.  The  chloride  ion,  generally  introduced  in  the  form  of  sodium 
chloride,  is  an  essential  constituent  of  the  ordinary  nickel  bath.  It  is  clear  from  Figure  5  that  to  obtain  deposits 
of  minimum  porosity  it  is  necessary  to  have  the  lowest  possible  concentration  of  sodium  chloride  in  the  electro¬ 
lyte,  enough  only  to  eliminate  passivation  of  the  nickel  anodes.  Special  experiments  showed  that  sodium 
chloride  can  be  replaced  by  10-15  g  of  nickel  chloride  per  liter. 

Effect  of  boric  acid  concentration.  Most  nickel  electrolytes  contain  boric  acid.  It  is  considered  that  the 
quality  of  the  deposits  improves  with  increasing  boric  acid  concentration.  The  two  curves  in  Figure  6  show  that 
as  the  boric  acid  concentration  in  the  solution  is  increased  to  0.45  mole/ liter  the  porosity  diminishes,  but  beyond 
this  it  increases  again.  Therefore  the  optimum  concentration  of  boric  acid  for  the  production  of  deposits  of  low 
porosity  is  0.45  mole/ liter. 

Effect  of  electrolyte  pH.  The  literature  contains  somewhat  contradictory  data  on  the  influence  of  pH  on 
the  porosity  of  deposits.  In  our  experiments  the  optimum  acidity,  corresponding  to  minimum  porosity,  was  found 
to  be  in  the  range  of  pH  *4-5,  At  higher  pH  values  the  porosity  rises  sharply,  probably  owing  to  formation  of 
colloidal  hydroxides  in  the  catholyte  layer. 

The  curve  in  Figure  7  is  also  confirmed  by  the  relative  positions  of  the  curves  in  Figure  6. 

Effect  of  sodium  sulfate  concentration.  Two  curves  are  given  in  Figure  8;  the  first  of  these  represents 
experiments  with  used  electrolyte  and  the  second,  with  fresh  electrolyte.  These  results  show  that  the  addition 
of  sodium  sulfate  as  a  conducting  additive  is  undesirable  from  the  porosity  aspect,  as  it  results  in  a  sharp  increase 
of  the  number  of  pores. 

Effect  of  magnesium  sulfate  concentration.  It  is  seen  in  Figure  9  that  magnesium  sulfate,  which,  according 
to  the  literature,  confers  a  smooth  mat  surface  on  the  deposits,  also  increases  porosity  and  therefore  should  not 
be  added  to  baths  intended  for  production  of  deposits  with  low  porosity. 


A 


Fig,  1.  Effect  of  coating  thickness  on  its  porosity. 
A)  Number  of  pores  per  1  cm*,  B)  coating  thick¬ 
ness  (fi). 

1)  and  2)  Copper  cathode;  3)  check  of  Vagram- 
yan  and  Sutyagina's  data;  4)  iron  cathode; 

5)  Vagramyan  and  Sutyagina's  curve. 


A 


Fig.  2.  Effect  of  cathode  current  density  on 
the  porosity  of  the  coating. 

A)  Number  of  pores  per  1  cm*,  B)  current 
density  (amp  /  dm*). 

I)and2)  Copper  cathode,  3)  iron  cathode, 

4)  Vagramyan  and  Sutyagina's  curve. 


A 


Fig.  3.  Effect  of  temperature  on  the  poro¬ 
sity  of  the  coating. 

A)  Number  of  pores  per  1  cm*,  B)  tempera¬ 
ture  C). 

1)  V/ith  stirring  of  the  electrolyte,  2)  without 
stirring,  3)  Pasechnik  and  Popova's  electro¬ 
lyte. 


A 


Fig.  4.  Effect  of  nickel  sulfate  concentra¬ 
tion  on  the  porosity  of  the  coating. 

A)  Number  of  pores  per  1  cm*,  B )  nickel 
sulfate  concentration  (in  moles/ liter). 
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Fig.  5.  Effect  of  sodium  chloride  concen¬ 
tration  on  the  porosity  of  the  coating. 

A)  Number  of  pores  per  1  cm*,  B)  sodium 
chloride  concentration  (in  moles/  liter). 


Fig.  6.  Effect  of  boric  acid  concentra¬ 
tion  on  the  porosity  of  the  coating. 

A)  Number  of  pores  per  1  cm*,  B)  boric 
acid  concentration  (in  moles/ liter). 
Solution  pH;  1)4.5,  2)2-3. 


Cl2  0.4  06  08 


Fig.  7.  Effect  of  pH  on  the  porosity  of  the 
coating. 

A)  Number  of  pores  per  1  cm*,  B)  pH. 


Fig.  8.  Effect  of  sodium  sulfate  concen¬ 
tration  on  the  porosity  of  the  coating. 

A)  Number  of  pores  per  1  cm*,  B)  sodium 
sulfate  concentration  (in  moles/ liter). 

1)  Used  electrolyte,  2)  fresh  electro¬ 
lyte. 


760 


Fig.  9.  Effect  of  magnesium  sulfate  con¬ 
centration  on  the  porosity  of  the  coating. 
A)  Number  of  pores  per  1  cm*,  B)  mag'- 
nesium  sulfate  concentration  (in  moles/ 
liter). 


Fig.  10.  Effect  of  sodium  fluoride 
concentration  on  the  porosity  of  the 
coating. 


Effect  of  sodium  fluoride  concentration.  It 
follows  from  Figure  10  that  sodium  fluoride,  which 
is  present  in  some  nickel  electrolytes,  increases  poro¬ 
sity  of  the  coatings  and  is  therefore  inadmissible  for 
the  production  of  nonporous  deposits. 

Effect  of  impurities.  It  is  knawn  that  some  im¬ 
purities  in  nickel  electrolytes,  such  as  copper,  zinc, 
or  lead,  are  only  permissible  in  low  concentrations. 

At  concentrations  above  the  maximum  permissible 
values  the  deposit  quality  deteriorates  rapidly  -  stripes 
and  cracks  appear,  and  even  peeling  occurs.  The 
results  of  our  experiments  (Figure  11)  with  additions 
various  concentrations  of  copper  (l),  zinc  (2)  and 
lead  (3)  to  the  electrolyte  show  that  the  impurities  do 
not  begin  to  affect  the  porosity  until  they  start  to  cause 

deterioration  of  the  quality  of  the  deposits.  The  porosity  begins  to  increase  only  when  the  concentrations  which 
adversely  affect  the  quality  of  the  deposits  are  reached.  It  follows  from  these  experiments  that  these  impurities 
are  permissible  in  low  concentrations  in  baths  used  for  production  of  low-  porosity  coatings. 

Choice  of  optimum  electrolyte  composition  and  electrolysis  conditions 

An  optimum  electrolyte  composition  and  optimum  electrolysis  conditions  can  be  based  on  the  above 
results.  The  electrolyte  should  not  contain  such  components  as  sodium  and  magnesium  sulfates  and  sodium 
fluoride,  which  increase  porosity;  sodium  chloride  should  be  used  in  the  smallest  amounts  necessary.  The 
remaining  electrolyte  components  should  be  present  in  concentrations  at  which  deposits  of  minimum  porosity 
were  obtained. 


Fig.  11.  Effect  of  concentration  of  copper, 
zinc,  and  lead  impurities  on  the  porosity  of 
the  coating. 

A)  Number  of  pores  per  1  cm*,  B)  concen¬ 
trations  of  impurities  (in  g/ liter). 

1)  Copper,  2)  zinc,  3)  lead. 
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The  following  is  therefore  the  optimum  electrolyte  composition  (in  g/liter):  NiS04*7H20  220,  NaCl  10 
(or  NiClz  10-15),  H3I3Q,  30,  pH  4.2-4.6. 

It  must  be  pointed  out  that  this  electrolyte  is  of  similar  composition  to  one  proposed  earlier  [7j. 


Fig.  12.  Cathodic  polarization  curves. 

A)  Cathode  current  density  (in  amp/dm^),  B)  po¬ 
tential  (in  v). 

1)  Electrolyte  as  given  in  [6],  t  =  20";  2)  the  same, 
at  t  =  50";  2a)  the  optimum  electrolyte  at  t  =  50"; 
3)  Pasechnik  and  Popova’s  electrolyte  at  t  =  50". 


On  similar  considerations,  the  electrolysis  condi¬ 
tions  should  be  the  following:  cathode  current  density 
1.5  amp/dm*,  temperature  not  below  50",  thickness  of 
deposit  not  less  than  20  H . 

In  addition  to  the  above,  the  electrolyte  and  the 
surface  to  be  coated  must  conform  to  the  usual  require¬ 
ments  (absence  of  colloidal  particles,  of  high  concentra¬ 
tions  of  impurities,  etc.). 

The  results  of  porosity  determinations  on  coatings 
obtained  under  the  optimum  conditions  and  under  the 
conditions  used  by  Vagramyan  and  Sutyagina  [6]  are 
given  below. 


Comparative  porosity 

data  for  nickel 

coatings: 

Electrolyte 

Copper 

cathode 

Iron 

cathode 

Optimum  composition 

1-2 

1 

As  used  by  Vagramyan 
and  Sutyagina  [6] 

10-11 

9-10 

It  follows  from  these  data  that  the  proposed  electrolyte  composition  and  conditions  of  electrolysis  yield 
coatings  of  considerably  lower  porosity  than  those  obtained  from  the  usual  electrolytes  with  additions  of  mag¬ 
nesium  and  sodium  salts. 


Tests  (in  3%  NaCl  solution)  of  coatings  deposited  in  the  electrolyte  of  optimum  composition  showed  them 
to  have  higher  corrosion  resistance. 

The  cathodic  polarization  curve  for  the  proposed  electrolyte  was  plotted  and  its  specific  conductance  de¬ 
termined.  The  positions  of  the  polarization  curves  (Fig.  12)  show  that,  at  a  given  temperature  the  cathodic 
polarization  is  somewhat  less  in  the  optimum  electrolyte  than  in  electrolytes  with  additions  of  sodium  and  mag¬ 
nesium  sulfates. 

The  conductivity  of  the  optimum  electrolyte  in  deposition  conditions  (at  50")  was  0.073  ohm”^*cm"^, 
while  the  conductivity  of  the  electrolyte  used  by  Vagramyan  and  Sutyagina  (at  21")  was  0.067  ohm”^*cm’^. 

SUMMARY 


1.  The  effects  of  the  components  of  nickel  electrolytes  and  of  the  electrolysis  conditions  oh  the  porosity 
of  nickel  coatings  were  studied;  the  following  composition  and  electrolysis  conditions  were  found  to  give  de¬ 
posits  of  minimum  porosity:  NiS04*7H20  220  g/liter,  NaCl  10  g/liter  (or  NiCl2  10-15  g/liter) ,11380^  30  g/liter; 
pH  4.2 -4 .6,  Dj,  1.5  amp/dm^;  t  50";  coating  thickness  20  p. 

2.  It  is  shown  that  the  deposits  obtained  under  the  optimum  conditions  do  in  fact  have  lower  porosity 
and  higher  corrosion  resistance. 
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INVESTIGATION  OF  CATHODIC  POLARIZATION  IN 
ELECTRODEPOSITION  OF  NICK  EL- T  U  NG  ST  EN  ALLOYS 

T.  F.  Frantsevich- Zabludovskaya  and  A.  I.  Zayats 

A  large  number  of  investigations  [1-3]  have  dealt  with  the  electrolytic  production  of  alloys  of  tungsten 
with  metals  of  the  iron  group,  mainly  in  relation  to  the  conditions  of  electrolysis.  The  mechanism  of  the 
cathodic  reduction  of  tungstate  ions  has  been  studied  little  and  is  still  not  understood. 

Holt,  who  devoted  many  years  to  research  on  the  electrolytic  production  of  tungsten  alloys,  put  forward 
several  schemes  to  explain  the  cathodic  reduction  of  tungsten.  One  such  scheme  is  based  on  the  assumption 
that,  by  analogy  with  the  mechanism  suggested  by  Muller  for  the  deposition  of  chromium,  a  colloidal  mem¬ 
brane  consisting  of  lower  tungsten  oxides  is  formed  on  the  cathode  in  solutions  containing  tungstate  ions.  This 
membrane  is  permeable  to  the  small  hydrogen  ions,  but  impermeable  to  large  ions  containing  tungsten  or 
nickelC  4J.  The  role  of  the  metals  of  the  iron  group  is  that  they  reach  the  cathode  at  the  weaker  points  in  the 
film  and  assist  in  its  subsequent  loosening.  Holt  found  experimental  evidence  for  the  existence  of  such  a  film. 
The  next  possible  mechanism  suggested  by  Holt  for  the  cathodic  process  involved  the  catalytic  action  of  metals 
of  the  iron  group  on  the  electrochemical  reduction  of  tungsten.  The  two  metals  are  deposited  by  layers  in 
separate  phases  [5].  According  to  Holt,  a  third  possible  mechanism  is  by  formation  of  complex  cations  of  the 
type  Nijj(W04)y  (x-y)"*",  where  x>  y,  in  which  tungsten  reaches  the  cathode  [5j. 

However,  mention  must  be  made  of  the  paper  by  Clark  and  Lietzke  [6j,  who  showed  that  tungsten  reaches 
the  cathode  only  by  diffusion,  and  not  by  electrical  transfer. 

Glasunov  and  Yolkin  [7]  observed  the  formation  of  very  fine  films  of  metallic  tungsten  on  the  cathode; 
these  films  dissolved  on  further  electrolysis.  They  therefore  advanced  the  hypothesis  that  a  possible  course  of 
the  process  involves  first  the  reduction  of  tungstate  ions  to  oxides  of  lower  valence  at  the  cathode,  followed  by 
reduction  to  the  metal  by  atomic  hydrogen.  The  latter  reaction  soon' stops,  as  accumulation  of  tungsten  com¬ 
pounds  of  lower  valences  leads  to  their  interaction  with  the  deposited  metal: 

W  +  2W^  or  W  +  2W®^  ■>  3W^'*'  . 

These  reactions  proceed  more  rapidly  than  the  reduction  of  the  lower  oxides  to  the  metal.  Although 
this  reduction  mechanism  is  possible,  the  existing  experimental  data  ate  inadequate  for  regarding  it  as  proved. 

Cathode  processes  in  the  formation  of  alloys  of  tungsten  with  nickel,  iron,  and  cobalt  have  been  studied 
by  Golts  and  Kharlamov  [IJ,  Offermans  et  al.  [8J,  Holt  [5],  and  Vagramyan  and  Solovyeva  [9J.  These  workers 
showed  that  depolarization  occurs  during  the  electrolytic  deposition  of  alloys  of  tungsten  with  nickel  and  iron. 
Its  magnitude  depends  on  the  composition  of  the  electrolyte  and  the  conditions  of  electrolysis.  The  deposition 
potentials  of  the  alloys  are  in  all  cases  somewhat  on  the  positive  side  of  the  deposition  potentials  of  iron  and 
nickel.  The  shift  in  the  positive  direction  relative  to  the  standard  potential  of  tungsten,  which  by  thermo¬ 
dynamic  calculations  is— 1.1  v  [10],  reaches  0.3-0. 7  v,  according  to  the  conditions  of  electrolysis.  Increases 
of  the  electrolysis  temperature  and  current  density  increase  the  shift  of  potential  and  create  favorable  condi¬ 
tions  for  an  increase  of  the  tungsten  content  of  the  alloy. 

Of  the  authors  cited  above,  only  Holt  and  Vagramyan  attempted  to  explain  the  possibility  of  deposition 
of  tungsten  as  an  alloy  component.  Holt's  views  are  outlined  above.  Vagramyan  and  Solovyeva  [9J  postulated 
tha*^  rhe  alloy  is  deposited  in  the  form  of  the  chemical  compound  Fe2W,  leading  to  a  sharp  shift  in  the 
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deposition  potential  of  tungsten,  with  easier  discharge  of  ions  containing  tungsten. 

The  existing  experimental  data  and  the  views  of  different  investigators  on  the  mechanism  of  cathodic 
reduction  of  tungsten  are  mutually  contradictory.  Thus,  the  work  of  Clark  and  Lietzke  [6J  would  invalidate 
Holt's  hypothesis  concerning  the  presence  of  complex  cations.  Vagramyan  and  Solovyeva  showed  that  the 
course  of  the  polarization  curve  in  the  deposition  of  iron- tungsten  alloy  does  not  reflect  successive  deposition 
of  the  two  metals.  The  formation  of  the  intermetallic  compound  Fe2W  at  the  cathode,  postulated  by  these  two 
authors,  is  improbable,  as  it  is  known  that  the  composition  of  electrodeposited  iron- tungsten  alloys  can  be  varied 
over  a  wide  range. 

It  follows  from  this  brief  survey  of  research  on  the  cathode  process  that  none  of  the  proposed  explanations 
has  been  adequately  proved  experimentally. 


EXPERIMENTAL 

It  was  shown  in  our  earlier  work  [llj  that  electrodeposition  of  alloys  of  iron  and  nickel  with  molybdenum, 
which  are  solid  solutions,  is  accompanied  by  depolarization  effects.  The  extent  of  the  depolarization  is  consi¬ 
derable  with  respect  to  nickel,  and  even  more  so  with  respect  to  molybdenum  if  its  standard  potential  is  taken 
into  account  [lOj. 

The  object  of  the  present  investigation  was  a  study  of  the  cathode  process  in  the  electrodeposition  of 
nickel- tungsten  alloys,  and  of  the  structure  of  these  alloys.  The  results  obtained  have  been  compared  with  data 
on  nickel- molybdenum  alloys. 

The  cathode  process  in  the  deposition  of  pure  nickel  and  of  nickel- tungsten  alloys  from  ammoniacal  tar¬ 
trate  solutions  was  investigated  by  means  of  polarization  curves  determined  by  the  compensation  method.  The 
apparatus,  electrolytic  cell,  and  method  were  described  earlier  [11]. 

The  anodes  were  cast  or  sintered  plates  of  nickel  or  nickel- tungsten  alloy.  The  cathode  was  a  platinum 
plate  0.248  cm^  in  area,  electrocoated  with  nickel  or  nickel- tungsten  alloy  from  the  appropriate  electrolyte 
before  the  experiment.  The  compositions  of  the  electrolytes  studied  are  given  in  Table  1. 

The  starting  materials  were  twice- recrystallized  nickel  sulfate,  ammonium  sulfate,  and  sodium  tartrate; 
and  tungstic  acid  of  "chemically  pure"  grade,  containing  traces  of  silicon. 

The  pH  of  the  solutions  was  adjusted  in  the  9.7-10.2  range  with  ammonia  and  checked  with  the  aid  of  a 
glass  electrode.  The  polarization  curves  were  plotted  in  the  current  density  range  from  0.023  to  15  ma/cm* 
at  27  and  52*.  The  average  values  for  three  experiments  are  plotted  in  the  graphs.  The  maximum  deviations 
from  the  average  values  were  3  mv  for  the  alloys,  and 
4  mv  for  pure  nickel. 


TABLE  1 


vSolution 

No. 

Electrolyte  composition  in  molar 
concentrations 

nickel 

tung¬ 

sten 

sodium 

tartrate 

ammonium 

sulfate 

1 

0.05 

0.3 

0.1 

2 

0.20 

— 

0.3 

0.1 

3 

0.05 

0.037 

0.3 

0.1 

4 

0.05 

0.075 

0.3 

0.1 

5 

0.05 

0.150 

0.3 

0.1 

Fig.  1.  Polarization  curves  for  nickel. 
Temperature  27*. 

A)  Current  density  D  (in  ma),  B)  potential 
-E^  (in  v).  Molar  concentration  of  nickel; 
1)0.05,  2)0.1. 
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Polarization  curves  for  nickel,  taken  at  27",  arc  shown  in  Figure  1.  Curve  1,  corresponding  to  deposition 
of  nickel  from  Solution  1  (Table  1),  has  two  inflections.  One  is  at  current  density  0.6  ma/cm^  and  0.82  v,  and 
the  other  is  at  current  density  6  ma/cm^  In  the  region  of  the  second  inflection  the  potential  increases  from 
0.98  to  1.06  V.  The  curve  then  rises  almost  vertically.  The  first  inflection  corresponds  to  deposition  of  nickel, 
which  is  formed  as  a  smooth  bright  deposit  over  the  whole  region  MN.  The  second  inflection  corresponds  to 
the  limiting  current  for  nickel  and  therefore  to  a  change  in  the  appearance  of  the  deposit;  the  nickel  is  de¬ 
posited  in  a  dark  spongy  form. 

To  confirm  this,  we  studied  the  deposition  of  nickel  from  Solution  2  (Table  1),  in  which  the  nickel  con¬ 
centration  was  four  times  as  high;  it  was  found  that  over  the  entire  current  density  range  studied  nickel  is  de¬ 
posited  in  smooth,  bright  form.  The  polarization  curve  for  the  process  has  no  inflections  (Figure  1,  Curve  2). 

As  was  to  be  expected,  the  nickel  deposition  potential  is  more  positive  in  this  case,  the  difference  being  40  mv. 

The  potentials  of  deposition  of  nickel- tungsten  alloys  from  Solutions  3,  4,  and  5  (Table  1)  at  27"  are  shown 
in  Figure  2. 

In  the  region  of  low  current  densities,  up  to  1  ma/cm*,  the  alloy  deposition  potentials  differ  very  little 
from  each  other.  The  differences  between  the  deposition  potentials  gradually  increase  with  increasing  current 
density  up  to  6  ma/  cm^ 


Fig.  2.  Polarization  curves  for  alloys  and  nickel.  Temperature 

27". 

A)  Current  density  D^.  (in  ma/cm^),  B)  potential  -E^.  (in  v). 

Nickel  concentration  0.05  molar. 

Molar  concentration  of  tungsten:  1)  0.00,  2)  0,037,  3)  0.075, 

4)  0.15. 

Increase  of  temperature  shifts  the  deposition  potentials,  both  of  nickel  and  of  nickel- tungsten  alloys,  in 
the  positive  direction  and  extends  the  region  in  which  a  smooth  nickel  deposit  is  formed  from  Solution  1.  This 
is  illustrated  in  Figure  3,  which  gives  polarization  curves  for  nickel  and  alloys  deposited  from  Solutions  1,  3,  4, 
and  5  (Table  1)  at  52".  The  region  In  which  smooth  nickel  is  deposited  is  extended  to  9  ma/cm^ 

At  the  initial  moment  of  deposition,  both  at  27"  and  at  52",  the  greatest  depolarization  is  found  for  the 
alloy  formed  from  the  electrolyte  with  the  lowest  tungsten  content  (Solution  3,  Table  1).  As  the  current  density 
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increases,  the  polarization  curves  for  the  alloys  cross  each  other  and  the  greatest  depolarization  is  found  for 
the  alloy  obtained  from  the  electrolyte  with  the  highest  tungsten  content.  The  value  of  the  depolarization  at 
the  start  of  the  second  inflection  reaches  60  mv  at  27*  and  40  mv  at  52*. 

X-ray  investigations.  As  has  already  been  reported  by  us  [12],  our  metallographic  investigations  of 
cathodic  nickel- tungsten  deposits  have  shown  that  these  are  single- phase  alloys,  although  they  have  a  stratified 
structure.  The  single- phase  structure  of  the  alloys,  and  the  value  of  the  depolarization  observed  in  their  de¬ 
position,  indicated  that  nickel-tungsten  alloys,  like  nickel- molybdenum  alloys,  are  solid  solutions.  To  verify 
this,  we  carried  out  an  x-ray  structural  investigation  of  cathodic  deposits  with  different  tungsten  contents. 
Samples  of  electrolyticaily  deposited  alloys  taken  for  the  x-ray  analysis  were  powdered  and  annealed  under 
vacuum  at  809*  for  an  hour  to  remove  internal  stresses.  Evaluation  of  the  x-ray  patterns  (Figure  4)  showed  that 
all  the  alloys  have  a  cubic  face- centered  lattice,  characteristic  of  nickel.  However,  the  lattice  parameters 
increase  with  increasing  tungsten  content.  The  lattice  parameters  of  the  cathodic  deposits  studied  are  given 
in  Table  2. 

These  results  show  that  the  cathodic  deposits  consist  of  a- solid  solutions  based  on  nickel.  The  positive 
deviations  of  the  lattice  parameters  from  the  values  given  by  Vegard’s  law  can  be  ascribed  to  the  large  size 
of  tungsten  atoms. 


TABLE  2 

Crystal  Lattice  Parameters  of  Alloys  with  Different 
Contents  of  Tungsten _ 


Tungsten  content 

Tungsten  content 

Crystal  lattice 

of  alloy  (in  <’/o) 

of  alloys  (in 

parameter  (.?)  of 

atomic  <yo) 

alloy 

19.5 

7.18 

3.54s 

23.5 

8.93 

3.54, 

33 

13.58 

3.564 

It  is  interesting  to  note  that,  although  according 
to  the  phase  diagram  the  saturation  limit  of  the  solid 
solution  at  room  temperature  is  below  of  tung¬ 
sten,  a  second  phase  -  the  intermetallic  compound 
NigW  -  cannot  be  detected  in  the  electrolyticaily 
deposited  alloys  either  by  metallographic  or  by  x-ray 
methods,  which  is  also  the  case  for  nickel-  molyb¬ 
denum  alloys. 


DISCUSSION  OF  RESULTS 

Comparison  of  our  earlier  data  on  the  deposi¬ 
tion  potentials  of  nickel  from  ammoniacal  citrate 
solutions  [llj  with  the  results  of  the  present  investi¬ 
gation  (Table  3)  leads  to  the  conclusion  that  in  the 
case  of  ammoniacal  tartrate  solutions  nickel  is  de¬ 
posited  from  complex  tartrate  anions.  The  deposition 
potentials  are  similar,  and  the  observed  difference  of 
70  mv  is  due  to  differences  of  type  and  concentration 
of  the  complex-  forming  salts. 


Fig.  3.  Polarization  curves  for  alloys  and 
nickel.  Temperature  52?*. 

A)  Current  density  D^.  (in  ma/cm*), 

B)  potential  -E^  (in  v). 

Nickel  concentration  0.05  molar. 

Molar  concentration  of  tungsten:  1)  0.00, 
2)  0.037,  3)  0.075,  4)  0.15. 


However,  the  deposition  potentials  of  nickel  from  ammoniacal  solutions  are  110  my  on  the  positive 
side  of  the  values  for  ammoniacal  tartrate  solutions. 


Comparison  of  the  deposition  potentials  of  nickel  and  of  nickel- tungsten  alloys  shows  that  the  latter 
are  always  more  positive.  Their  deplorization  is  considerably  lower  than  for  nickel- molybdenum  alloys.  For 
the  latter,  it  is  80  mv  or  over  even  at  the  initial  instant  of  deposition,  whereas  for  nickel- tungsten  deposits  it 
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is  from  30  to  60  mv  at  the  boundary  of  the  region  in  which  a  smooth  deposit  is  formed,  i,e.,  at  6  ma/cm^ 

The  depolarization  at  52“  is  somewhat  less.  The  value  found  by  us  for  the  depolarization  is  close  to  the  value 
reported  by  Golts  and  Kharlamov  in  the  deposition  of  nickel- tungsten  alloys  from  ammoniacal  solutions.  They 
assumed,  on  the  basis  of  metallographic  investigations,  that  their  cathodic  deposits  were  solid  solutions.  Our 
x-ray  structural  investigations  confirmed  that  the  electrodeposited  alloys  are  indeed  solid  solutions  of  tungsten 
in  nickel. 


TABLE  3 

Deposition  Potentials  of  Nickel  From  Various  Electrolytes  at  27“ 


Molar  con- 

Complex 

former 

Conducting  salt 

Nickel  deposi- 

centration 
of  nickel 

Salt 

Concentration 

(molar) 

tion  potential 
(in  v) 

0.05 

Sodium  tartrate 

0.3 

Ammonium  sul¬ 
fate 

0.82 

0.1 

Sodium  tartrate 

0.3 

ditto 

0.79 

0.2 

Sodium  tartrate 

0.3 

ditto 

0.78 

0.1 

Sodium  citrate 

0.58 

Sodium  chloride 

0.86 

0.1* 

-- 

Sodium  chloride 

0.68 

0.05^  • 

Sodium  tartrate 

0.3 

Ammonium  sul¬ 
fate 

0.72 

Fig.  4.  X-ray  patterns  for  nickel  and  its  alloys  v/ith 
tungsten.  Contents  of  tungsten  in  alloys  (in  %): 

1)  nickel  standard  2)  19.5,  3)  33.5,  4)  23.5. 

from  ammoniacal  tartrate  electrolytes  that  the  alloys 
to  tungsten,  and  with  slight  depolarization  relative  to 


The  shift  potential  in  the  positive  direction, 
slight  in  the  case  of  nickel,  is  very  large  for  tungsten, 
the  standard  potential  of  which,  according  to  Latimer, 
is  -1.1  V  [lOj. 

We  have  already  put  forward  the  view  that  the 
formation  of  solid  solutions  of  molybdenum  with 
metals  of  the  iron  group,  which  have  considerable 
binding  energies,  is  the  cause  of  the  considerable  shift 
of  potential,  and  determines  the  possibility  of  cathodic 
deposition  of  molybdenum  as  an  alloy  component. 

This  view  is  confirmed  by  the  investigation  of  the 
cathodic  deposition  of  its  analog,  tungsten,  together 
with  nickel.  This  provides  a  correct  explanation  of 
the  possibility  of  the  cathodic  deposition  of  molyb¬ 
denum  and  tungsten  with  metals  of  the  iron  group, 
but  does  not  give  any  information  on  the  mechanism 
of  the  process  or  the  nature  of  the  polarization. 

SUMMARY 

1.  It  was  found  in  a  study  of  the  cathode  process 
in  the  electrodeposition  of  nickel- tungsten  alloys 
2  deposited  with  considerable  depolarization  relative 


2.  X-ray  structural  investigation  of  the  deposits  showed  that  they  are  single- phase  solid  solutions  of 
tungsten  in  nickel. 


•  Ammoniacal  nickel  sulfate  solution. 
•  •Experimental  temperature  52“. 
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EFFECT  OF  ORGANIC  SUBSTANCES  ON  THE  KINETICS  OF 
THE  CATHODE  PROCESS  AND  INCLUSION  OF  HYDROGEN 
IN  IRON  COATINGS 

Yu.  N.  Petrov 


In  recent  years  the  attention  of  investigators  has  been  drawn  to  electrodeposition  of  iron  as  a  new  and 
better  method  for  restoration  of  worn  machine  parts. 

Therefore  studies  of  the  influence  of  the  nature  and  concentration  of  organic  additives  on  the  kinetics 
of  cathode  processes,  carried  out  in  order  to  explain  phenomena  which  occur  in  the  formation  of  hard  carbon- 
containing  coatings,  and  also  on  hydrogen  inclusion  in  these  coatings,  are  of  definite  practical  and  theoretical 
interest. 

The  kinetic  studies  of  the  cathode  process  were  based  on  the  use  of  polarization  (^-i)  curves  obtained  by 
a  direct  compensation  method  with  the  aid  of  the  PPTV-1  potentiometer  and  of  a  mirror  galvanometer  as  the 
null  instrument.  The  electrolytic  cell  was  a  glass  vessel  250  cc  in  capacity  (Figure  1)  immersed  in  an  oil 
thermostat  which  kept  the  required  temperature  constant  to  within  ±  0.2".  The  catholyte  and  anolyte  were 
separated  by  a  porous  glass  diaphragm  with  4^  pores. 

The  cathode  was  an  iron  plate  15  x  15  x  1  mm, 
fixed  in  an  ebonite  frame  to  ensure  a  constant  electrode 
area  (Figure  1).  The  cathode  surface  was  connected, 
by  means  of  an  electrolytic  bridge  3  with  a  fine  capil¬ 
lary  tip  at  an  angle  of  35",  containing  FeClj  •  4H2O 
solution,  to  the  standard  electrode  -  a  saturated  calo¬ 
mel  half  cell, 

The  method  used  in  our  investigations  for  plotting 
the  polarization  curves  cannot  be  regarded  as  absolutely 
accurate  [1,  2].  However,  by  maintaining  the  main 
electrolysis  conditions  constant  and  by  ensuring  the 
formation  of  smooth  fine-grained  deposits,  we  obtained 
quite  satisfactory  reproducibility  of  the  experimental 
data  ( ±  5  mv)  when  the  polarization  curves  were 
plotted  both  in  the  forward  and  in  the  reverse  direction. 

Hydrogen  in  the  coatings  was  determined  by 
heating  under  vacuum  (4-5  •  10”®mm  Hg)  in  Morozov's 
apparatus  [3J  at  100,  200, 300, 400, 500, 600,  700  and 
900*.  The  specimen  was  held  at  each  temperature 
until  the  pressure  change  over  a  period  of  5  minutes 
was  not  greater  than  1  mm,  i.e.,  the  hydrogen  had 
been  completely  liberated. 

For  specimens  7.0-7.5  g  in  weight,  the  error  in  the  experiments  did  not  exceed  1-2  ml  per  100  g. 

The  electrolytes  used  (Table  1)  were  made  from  chemically  pure  products  dissolved  in  twice- distilled  water. 


Fig.  1.  Electrolysis  apparatus. 

1)  Electrolytic  cell;  2)  cathode  in  ebonite 
frame;  3)  electrolytic  bridge;  4)  St  10  steel 
anode;  5)  porous  glass  diaphragm. 


770 


Fig.  2.  Effect  of  sugar  concentration  on  cathodic 
polarization  </?  and  "stationary"  potential  <pn  (electro¬ 
lyte  No.  2). 

A)  Cathode  potential  (f  (in  niv),  B)  "stationary"  po¬ 
tential  (/7q  (in  niv),  C)  sugar  concentration  (g/ liter). 
Temperature  (“):  1)  75,  2)  85,  3)  92. 

Current  density  i  (in  ma/cni*):  I)  100,  11)  200. 

TABLE  1  • 


Tlie  results  showed  that  additions  of  organic  sub¬ 
stances  to  chloride  electrolytes  result  in  an  increase  of 
cathodic  polarization,  wliich  becomes  greater  with  in¬ 
creasing  concentrations  of  these  suirstances,  passes 
through  a  maximum,  and  then  falls(Figures  2,  3). 
Different  additives  produce  different  increases  of 
polarization.  For  example,  addition  of  glycerol  (80 
g/ liter)  to  the  electrolyte  increase  polarization  at 
Dj.  =  10  arnp  /dm^  by  only  29  mv,  whereas  additions 
of  sugar  (50  g/ liter)  or  gelatin  (0.25  g/ liter)  increase 
cathodic  polarization  by  100  and  86  mv  respectively. 

The  greatest  influence  on  cathodic  polarization 
is  exerted  by  the  simultaneous  action  of  two  additives: 
glycerol  and  sugar,  glycerol  and  dextrin,  etc.  The 
maximum  values  of  <p  and  are  obtained  with  the 
following  amounts ( in g/  liter): glycerol  80,  sugar  40-50, 
gelatin  0.25-0.3,  dextrin  40- 50,  and  citric  acid  4-6. 


Electrolyte 

composition  (g/  liter) 

pH 

value 

Tempera¬ 

ture 

(’) 

NaCl 

NH.Cl 

<0 

a 

a 

glycerol 

sugar 

dextrin 

gelatin 

x> 

u 

CJ 

y 

M 

0 

100 

0—100 

2.2 

92 

100 

— 

— 

80 

0-90 

- 

— 

2.0 

92 

— 

150 

— 

— 

— 

— 

— 

2.2 

70 

— 

100 

100 

80 

— 

50 

— 

— 

2.0 

75 

— 

100 

100 

80 

— 

— 

0.25 

— 

1.9 

75 

100 

100 

80 

—  ( 

i 

3.0 

— 

75 

All  the  polarization  curves,  for  electrolytes  both  with  and  without  organic  additives,  show  limiting  cur¬ 
rent  regions  (Figure  4), 

According  to  the  theory  of  retarded  disenarge  of  ions,  the  relationship  between  the  polarization  ( (p)  and 
current  strength  (i)  should  conform  to  the  Tafel  equation  (p  =  a  +  b  log  H4j. 

All  our  polarization  data,  plotted  in  (p  -  log  i  coordinates,  satisfy  this  equation  (i.e.,  there  is  a  linear  rela¬ 
tionship  between  <p  and  log  p  and  hence  conform  to  the  theory  of  retarded  discharge  of  ions,  at  i_>  ium.  (Figure  5). 

Increase  of  the  electrolyte  temperature  decreases  the  coefficient  £  in  the  Tafel  equation,  and  hence 
lowers  the  polarization  (Figures  2,  5), 

The  influence  of  electrolyte  pH  on  cathodic  polarization  is  illustrated  in  Figure  6,  The  "stationary"  po¬ 
tential  and  polarization  increase  with  rising  pH,  pass  through  a  maximum  at  pH  6-6.4,  and  then  decrease.  This 
is  because  of  the  increased  evobition  of  hydrogen  together  with  iron. 

Analysis  of  these  results  suggests  that  additions  of  organic  substances  to  chloride  electrolytes  influence  the 
•All  the  electrolytes  contained  500  g  FeCl2  .  4H2O  per  liter. 
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10  20  30  40  50  60  70  80  E 

0.1  0.2  0.3  aif  0.5  0.6  0.7  0.8  F 

Fig.  3.  Effect  of  concentrations  of  organic  ad¬ 
ditives  on  v*.  A  and  at^=  100  ma/cm* 
(Electrolyte  No.  3). 

A)  </>  (in  mv),  B)  v>o  (in  mv),  C)  A  (p  (in  mv), 

D)  citric  acid  concentration  (in  g/ liter), 

E)  dextrin  concentration  (in  g/ liter),  F)  gela¬ 
tin  concentration  (in  g/ liter). 

Curves:  1)  citric  acid,  2)  dextrin,  3)  gelatin. 


Fig.  4,  Effects  of  organic  substances  on  ca¬ 
thodic  polarization  at  t  =  70“  and  pH  2.2- 2.3. 
A)  Current  density^ (in  ma/cm*),  B)  cathode 
potential  (p  (in  mv). 

Additives  (in  g/ liter):  l)  no  additive,  2)  150 
NH4CI,  80  glycerol;  3)  150  NH4CI,  80  gly¬ 
cerol,  4  citric  acid;  4)  150  NH4CI,  80  gly¬ 
cerol,  50  dextrin;  5)  150  NH4CI,  80  glycerol 
0.3  gelatin;  6)  150  NH4CI. 


kinetics  of  the  electrode  processes  by  forming  adsorbed  layers,  which  hinder  the  discharge  of  ferrous  ions,  on 
the  cathode. 

The  adsorbed  layers  may  have  molecular  or  cationic  structure,  depending  on  the  additive  used,  and 
their  action  on  cathodic  polarization  may  differ  accordingly.  We  consider  that  the  following  mechanism  is 
probable. 

Additives  of  the  glycerol  type  form  thin  mole¬ 
cular  adsorbed  layers  in  the  cathode;  metal  ions  can 
be  discharged  through  these  layers  at  a  relatively  low 
potential  (additives  of  weak  action).  Additives  of  the 
colloidal  type  (sugar,  gelatin,  dextrin,  etc.)  form 
thick  (cationic)  adsorbed  layers,  through  which  ions 
are  discharged  at  a  high  potential  (additives  of  strong 
action).  Additives  of  this  group  probably  dissociate 
in  solution  giving  rise  to  complex  particles  bearing 
positive  charges.  Under  the  influence  of  the  electric 
field  these  particles  become  concentrated  in  the 
catholyte  layer.  Here  they  form  an  oriented  adsorbed 
layer  on  the  cathode;  the  thickness  and  viscosity  of 
the  layer  have  a  decisive  influence  on  the  nature  of 
the  cathodic  polarization,  which  is  greater  with  layers 
of  greater  density.  The  thickness  and  density  of  the 
oriented  adsorbed  layers  increase  with  increasing  con¬ 
centrations  of  such  additives,  with  a  resulting  increase  of 
cathodic  polarization.  However,  as  soon  as  the  rigidly 
oriented  part  of  the  layer  becomes  completely  satur¬ 
ated,  its  space  portion  begins  to  grow  rapidly,  with  a 
resulting  weakening  of  the  bonds  between  the  ions  of 
of  the  additive,  i.e.,  loosening  of  the  film  on  the  cathode,  and  hence  with  a  decrease  of  cathodic  polarization 
(Figures  2,  3). 


A 


Fig.  5.  Variation  of  cathode  potential  <p  with  log^ 
(Electrolyte  No  2). 

A)  Cathode  potential  <p  (in  mv),  B)  log  J,. 
Temperature  (*):  1)  75,  2)  85,  3)  92. 

Contents  of  glycerol  and  sugar  (in  g/ liter),  respec¬ 
tively;  I)  80  and  20,  II)  80  and  50. 
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2.0  3.0  1^.0  5.0  6.0  D 


Fig.  6.  Effect  of  electrolyte  pH  on  <p,  c/jq  and  A  </> 
(Electrolyte  No  2,  sugar  50  g/ liter,  t  =  85“). 

A)  (p  (in  mv),  B)  (in  mv),  C)  A  (in  mv), 

D)  pH. 

Current  density  Dp  (in  amp /cm*);  1)  100,  11)  200. 
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Our  suggested  mechanism  of  the  action  of  sur¬ 
face-  active  substances  on  cathodic  polarization  pro¬ 
vides  an  explanation  for  the  further  increase  of  (p  if 
additives  from  the  first  and  second  group  are  present 
in  an  electrolyte  simultaneously.  In  such  cases  the 
considerable  increase  of  polarization  is  explained  by 
the  formation  of  a  denser  adsorbed  layer,  consisting 
of  colloid  particles  with  glycerol  molecules  between 
them,  on  the  cathode. 

This  reasoning  is  also  confirmed  by  the  fact  that 
coatings  obtained  from  electrolytes  with  additions 
of  sugar,  dextrin,  and  gelatin  contain  carbon  (0.4- 
0.6<7ci  while  coatings  obtained  from  electrolytes 
with  added  glycerol  contain  no  carbon  (0.05-0.1%). 


A 


Fig.  7.  Effect  of  glycerol  concentration  on  Fig.  8.  Effect  of  sugar  concentration  on 

the  hydrogen  contents  of  iron  deposits  (Elec-  the  hydrogen  contents  of  iron  deposits 

trolyte  No.l).  (Electrolyte  No. 2). 

A)  H2  content  (in  ml/ 100  g),  B)  glycerol  A)  H2  content  (  in  ml/ 100  g  of  coating), 

content  (in  g/ liter).  B)  sugar  content  (  in  g/ liter). 

Current  density  (in  amp  /  cm*);  l)  0.026,  Current  density  Dp  (in  amp  /  cm*); 

2)  0.15.  1)  0.026,  2)  0.15. 


It  seems  that  at  high  current  densities  capture  of  colloidal  particles  by  the  growing  iron  deposit  is  possible. 
In  such  cases  the  presence  of  glycerol  increases  cathodic  polarization  so  much  that  more  complete  reduction  of 
humin  substances,  down  to  carbon,  occurs.  Moreover,  the  molecular  film  of  adsorbed  glycerol  acts  as  a  kind  of 
filter,  througli  which  the  finer  particles  can  discharge  (or  pass).  This  explains  (in  the  case  of  sugar  and  dextrin) 
the  formation  of  smoother  coatings  with  better  mechanical  properties,  in  presence  of  glycerol. 

Increase  of  the  electrolyte  temperature  intensifies  kinetic  motion  of  the  molecules  and  thereby  diminishes 
the  diffuse  portion  of  the  adsorbed  layer,  with  a  resultant  lowering  of  the  activation  barrier  and  of  the  cathodic 
polarization. 

Organic  substances  present  in  the  electrolytes  also  have  different  effects  on  the  quantitative  contents  of 
hydrogen  in  the  coatings.  For  example,  if  the  electrolyte  contains  glycerol,  which  does  not  enter  the  deposit 
during  electrolysis,  the  hydrogen  contents  of  the  deposits  decrease.  The  amount  of  hydrogen  present  in  the 
deposit  falls  to  a  minimum  with  increasing  glycerol  concentration  and  then  increases  somewhat  (Figure  1).  The 
minimum  hydrogen  content  of  the  deposit  is  found  at  the  glycerol  concentration  (60-80  g/ liter;  which  corres¬ 
ponds  to  maximum  cathodic  polarization.  Therefore  the  hydrogen  content  of  the  deposit  decreases  with  in¬ 
creasing  cathodic  polarization.  Increased  concentrations  of  additives  of  the  colloidal  type  (sugar,  dextrin, 
gelatin,  etc.),  which  enter  the  deposit  during  electrolysis,  give  higher  contents  of  hydrogen  in  the  coatings 
(Figure  8). 
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Fig.  9.  Effect  of  current  density  on  the 
hydrogen  contents  of  iron  deposits. 

A)  H2  content  (in  ml/ 100  g  of  coating), 

B)  current  density  (in  amp  /cm^). 

1)  Electrolyte  No.l  without  glycerol, 

2)  Electrolyte  No.  1  with  80  g  glycerol  per 
liter,  3)  Electrolyte  No.  2  with  30  g  sugar 
per  liter,  4)  Electrolyte  No.  5. 


A 


Fig.  10.  Effect  of  electrolyte  temperature 
on  the  hydrogen  contents  of  iron  deposits. 

A)  H2  content  (in  ml/ 100  g  of  coating), 

B)  temperature  (°). 

1)  Electrolyte  No.l  without  glycerol, 

2)  Electrolyte  No.l  with  8C  g  glycerol  per 
liter,  3)  Electrolyte  No. 2  with  30  g  sugar 
per  liter,  4)  Electrolyte  No.  5. 
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Fig.  11.  Kinetics  of  the  evolution  of  hydrogen  from  iron 
deposits  in  relation  to  the  heating  temperature. 

A)  H  2  content  (in  t7o)i  B)  temperature  (°). 

I)  Total  liberation  of  H2  (in  fyo);  n)  liberation  of  H2  (in  <yo) 
at  each  temperature. 

1)  Electrolyte  NoJ.  without  glycerol,  2)  Electrolyte  No.l 
with  80  g  glycerol  per  liter,  3)  Electrolyte  No.  2  with  30  g 
sugar  per  liter,  4)  Electrolyte  No.  5. 

The  reason  is  that  the  organic  substances  present  in  the  deposits  liberate  an  additional  amount  of  hydro¬ 
gen  when  heated  under  vacuum  at  900°,  owing  to  pyrolysis,  and  thus  increase  the  total  hydrogen  content. 

From  the  results  of  these  investigations  it  was  found  that  coatings  with  the  lowest  possible  contents  are 
obtainable  with  the  following  concentrations  of  organic  additives  (in  g/ liter);  1)  glycerol  60-80,  2)  sugar 
30,  3)  gelatin  0.2- 0.3,  4)  dextrin  40-60,  5)  citric  acid  2-4. 

It  is  known  that  cathodic  polarization  increases  with  increase  of  electrolyte  pH;  therefore,  according  to 
the  above  findings,  the  hydrogen  contents  of  the  deposits  should  decrease  with  increasing  pH,  and  this  was  fully 
confirmed  by  our  experiments:* 

♦  The  electrolyte  composition  was:  FeCl2*4H20  =  500  g/liter;  NaCl=100  g/liter;  t=92“,  D(,=15  amp  /dm*. 
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pH  value  2.0  2.2  3.2  3.8  5.0  6.2 

H2  content  in  ml/ 100  g  142.0  144.1  132.0  118.2  102.1  92.4 

The  accumulation  of  hydrogen  in  the  coatings  is  also  greatly  influenced  by  the  conditions  of  electrolysis. 
Increase  of  the  cathode  current  density  as  the  result  of  increased  polarization  favors  a  decrease  of  the  hydrogen 
content  of  the  deposit  (Figure  9).  Increase  of  the  electrolyte  temperature  always  diminishes  the  hydrogen  con¬ 
tents  of  the  coatings  (Figure  10). 

In  order  to  study  the  nature  of  the  hydrogen  in  the  deposits,  and  also  the  mechanism  of  its  entry,  we 
carried  out  a  series  of  experiments  on  the  kinetics  of  hydrogen  evolution  in  relation  to  the  temperature  of  heat¬ 
ing  in  vacuum.  The  results  of  these  experiments  show  that  hydrogen  is  released  stepwise  from  the  deposits 
(Figure  11).  Three  maxima. are  found,  at  300,  500,  and  700“«  Most  of  the  hydrogen  (over  50%)  is  liberated  when 
the  deposit  is  heated  at  300“;  14.5%  is  liberated  at  500*,  and  17.5%  at  700* 

The  most  probable  mechanism  whereby  hydrogen  enters  the  deposit  is  the  following.  Thejdouble  layer  at 
the  cathode  contains  iron  and  hydrogen  ions;  the  latter  are  dehydrated,  and  protons  are  produced  on  the  surface 
of  the  growing  crystal  lattice;  these  are  partially  neutralized  by  electrons,  giving  atomic  hydrogen,  which  is 
partially  captured  by  the  growing  iron  crystal  lattice,  forming  an  interstitial  solid  solution.  The  remaining 
hydrogen  is  adsorbed  by  the  cathode  surface;  part  of  it  is  captured  by  the  growing  deposit,  and  the  rest  forms 
molecules  and  escapes  in  the  form  of  bubbles. 

Formation  of  the  interstitial  solid  solution  is  accompanied  by  considerable  distortion  of  the  a- iron  lattice. 
This  is  intensified  by  the  adsorbed  hydrogen  between  the  iron  crystals.  All  this  leads  to  increases  of  internal 
stresses,  hardness,  and  brittleness  in  the  iron  coatings.  When  the  deposit  is  heated  in  vacuum  to  400*,  mostly 
the  adsorbed  hydrogen  is  liberated,  as  the  iron  lattice  parameter  remains  unchanged  (Table  2). 


TABLE  2 

Crystal  Lattice  Parameters 


Electrolyte 

Lattice  parameter  (A)  at  various  temperatures  1 

(•)  1 

No. 

90 

300 

500 

700 

900 

2.8608 

2.8606 

2.8610 

2.8606 

2.8693 

2.8594 

2.8592 

2.8592 

2.8592 

2.8592 

The  maximum  at  t  =  500*  is  explained  by  the  start  of  hydrogen  evolution  from  the  interstitial  solid  solu¬ 
tion,  and  also  by  retarded  diffusion  of  hydrogen  through  the  c^stals  of  the  iron  coating. 

The.  third  maximum  at  t  =  700*  corresponds  to  predominant  liberation  of  hydrogen  from  the  interstitial 
Solid  solution. 

LITERATURE  CITED 

[1]  A.  T.  Vargamyan,  Electrodeposition  of  Metals  (Izd.  AN  SSSR,  1950).*** 

[2J  A.  T.  Vagramyan  and  Z.  A.  Solovyeva,  Methods  for  Studying  Processes  of  Electrodeposition  of  Metals 
(Izd.  AN  SSSR,  1955).  *•* 

[3]  A.  N.  Morozov,  Hydrogen  and  Nitrogen  in  Steel  (1950). 

•  Electrolyte  No.  1;  RP735  =  18  amp/ dm*;  t  =  90*. 

•  •Electrolyte  No.  2;  RP735  glycerol  80  g/ liter;  =  20  amp/ dm*;  t  =  90*. 

•  •  »  In  Russian. 


775 


[4J  A.  N.  Ftumkin,  V.  S.  Bogotsky,  Z.  A.  lofa,  and  V.  N.  Kabanov,  Kinetics  of  Electrode  Processes  (Izd. 
MGU,  1952).* 


Received  October  6,  1956 


•  In  Russian. 


776 


METHODS  FOR  DETERMINATION  OF  THE  HEAT  CAPACITIES 


OF  VAPORS  OF  ORGANIC  COMPOUNDS 


P  .  G  .  Maslov 


The  Leningrad  Military  Mechanical  Institute 


Knowledge  of  the  thermodynamic  properties  of  organic  compounds  is  of  great  importance  in  engineer 
ing  practice.  Therefore  an  enormous  number  of  papers  deal  with  studies  of  these  properties. 

Reference  works,  the  scientific  and  technical  literature,  and  various  monographs  and  reviews  now  avail¬ 
able  contain  extensive  experimental  and  theoretical  data  on  the  thermodynamic  properties  of  organic  com¬ 
pounds,  accumulated  over  more  than  a  hundred  years  by  various  research  workers  in  many  countries.  Most  of 
this  material  has  now  lost  a  large  part  of  its  value. 

The  thermodynamic  properties  of  the  simplest  hydrocarbons:  methane,  ethylene,  ethane,  propane, 
propene,  acetylene,  etc.,  have  been  studied  most  accurately,  thoroughly,  and  extensively;  those  of  more  com¬ 
plex  organic  compounds,  especially  branched- chain  compounds,  have  been  studied  less.  There  have  been  rela¬ 
tively  few  experimental  investigations  involving  combined  studies  of  the  properties  of  whole  sets  of  representa¬ 
tives  of  some  clases  of  compounds  under  different  combinations  of  external  conditions.  Nevertheless,  investi¬ 
gations  of  this  type  would  be  highly  valuable  for  generalizations  of  thermodynamic  properties. 

Very  many  publications  give  various  semiempirical  and  empirical  formulas  for  calculations  of  different 
thermodynamic  properties  of  simple  and  complex  organic  compounds  [1-3];  however,  in  many  cases  they 
either  apply  to  individual  compounds  and  can  be  used  for  calculating  a  given  thermodynamic  property  with 
high  accuracy,  or  they  relate  to  whole  classes  of  compounds  at  a  fixed  temperature,  but  often  their  accuracy  is 
not  satisfactory  for  practical  purposes  [4J. 

A  quite  special  and  very  important  position  is  occupied  by  statistical  methods  for  calculation  of  thermo¬ 
dynamic  properties,  based  on  experimentally  established  and  well- interpreted  vibrational  spectra  and  molecular 
structures. 

In  principle,  these  methods  can  be  used  for  determination  of  thermodynamic  properties  (heat  capacity, 
entropy,  free  energy,  etc.)  with  any  desired  degree  of  accuracy  for  any  complex  organic  compound.  However, 
in  practice  the  situation  is  different;  vibrational  spectra  have  been  reliably  interpreted  for  only  a  relatively 
small  number  of  compounds,  although  their  number  runs  into  several  thousands.  The  position  is  still  worse  with 
regard  to  data  on  molecular  structure  and  configuration;  even  if  it  is  not  too  difficult  to  find  moments  of  inertia 
and  molecular  symmetry,  very  little  is  known  as  yet  about  the  character  of  possible  hindered  rotations  of  various 
atomic  groups  in  molecules.  The  theory  of  hindered  rotations  is  still  in  a  rudimentary  state. 

Thus,  at  the  present  time  only  approximate  statistical  methods  for  determination  of  thermodynamic 
properties  are  available.  They  include  the  highly  original  method  of  Pitzer  [5J,  later  improved  by  Pitzer  and 
Gwinn  [6]  and  others  [7],  Pitzer's  method  has  very  recently  been  verified  and  further  improved  (in  relation  to 
n- alkanes)  by  Pirson  and  Pimentel  [8].  Nevertheless,  the  thermodynamic  properties  of  many  compounds  cannot 
be  calculated  even  with  the  aid  of  these  methods;  for  example,  even  in  the  case  of  1- butene  the  calculation 
involves  great  difficulties,  and  has  been  carried  out  by  a  number  of  authors  [5-9J  with  the  use  of  very  diverse 
and  arbitrary  assumptions  concerning  the  nature  of  hindered  internal  rotations. 
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On  the  basis  of  approximate  statistical  methods  and  various  assumptions.  Prosen,  Kilpatrick,  Pitzer, 

Rossini,  and  other  scientists  in  various  countries,  especially  America,  have  published  extensive  and  highly 
valuable  thermodynamic  data  on  various  classes  of  organic  compounds  [1,5-16J. 

Considerable  success  in  this  direction  has  been  achieved  by  the  Soviet  scientists:  Frost  [1,2J,  Godnev 
[17,18J,  Tatevsky  [19J  and  others  [1,2J. 

The  present  author  used  the  theory  of  molecular  vibration  to  develop  a  new  approximate  but  fairly  exact 
method  for  determination  of  the  thermodynamic  properties  of  organic  compounds.  The  distinctive  feature  of 
the  method  is  that  for  calculation  of  the  thermodynamic  and  some  other  properties  of  a  given  class  of  com¬ 
pounds  it  is  sufficient  to  have  the  vibrational  spectra  and  molecular  structure  data  for  at  most  one  or  two 
representatives  of  this  class.  This  created  the  possibility  of  greatly  reducing  the  amount  of  work  involved  in 
studies  of  the  properties  of  organic  compounds. 

Finally,  in  view  of  the  fact  that  recently  new,  more  detailed  and  accurate  experimental  data  on  vibrational 
spectra  and  thermodynamic  properties  of  organic  compounds  have  been  published,  we  have  been  able  to  verify 
our  general  formulas,  to  make  them  more  precise,  and  to  compare  the  results  obtained  with  the  data  of  other 
authors.  The  results  of  such  verification  and  modification  relating  to  heat  capacities  C®  are  given  below.  It  was 
found  that  our  general  formulas,  derived  earlier  for  determination  of  the  heat  capacities  C®  of  organic  vapors 
[20-25],  and  based  on  our  method  [27],  on  the  whole  show  good  agreement  with  experimental  and  calculated  re¬ 
sults  given  by  other  investigators.  The  values  of  C®  found  by  our  method,  by  the  method  of  Pitzer  and  Gwinn  [6], 
and  by  the  method  of  Pirson  and  Pimentel  [8],  practically  coincide  for  temperatures  above  600*  K.  From  600®  K 
downward,  as  the  temperature  T  decreases,  increasing  differences  are  found  between  the  data  found  by  the  Pirson 
and  Pimentel  method  and  experimentally,  on  the  one  hand,  and  by  Maslov's  earlier  formulas  [20-23]  on  the  other. 
We  have  therefore  modified  our  earlier  formulas  [20-23].  Below  are  given  the  verified  and  modified  single  formu¬ 
las  for  determination  of  standard  molar  heat  capacities  C®  at  constant  pressure  for  vapors  of  various  homologous 
series  of  organic  compounds,  valid  over  a  wide  temperature  range: 


fcr  n- alkanes: 

Cj=  —  1.1583  +  8.272  •  10---‘‘r  —  15.97  •  10-'  •  —  0.416  •  10“0  •  +  c,.  ('^)  •  n  + 

+  244.51n-’  (2n  +  2)-2  .  e-0.007ir; 

for  n-alkenes;: 

C’J  =  —  0.673—3.622  •  10-37’  +  30.48  •  10-’  •  T2  —  0.95  •  10-8  •  ra  +  cj  (T)  .  n  + 
+139  -n-i  •  (rt  +  l)-2  .  e-0.007J’; 

for  n-alkynes: 

2.965—21.514  •  10-3T  +  117.79  •  lO-’TZ  —  2.506  •  10-»ri  +  cj  (7’)  •  n  + 

+  5.657n-o.5m-2  (2.818-0.0027’); 

for  n-alkylbenzenes: 

Cj  =  —  8.356  +  112.72  •  10-37’  —  713.06  •  10-’  7’2  +  16.93  •  10-07’3  +  c^iT)  •  z 
for  n  -  a  Ikylcy clohex  a  nes: 

Cj=  —14.695+166.86  •  10-3r  — 967.53  •  10-77’2  +  20.653  •  10-97’3  + 

+  C2(7’)  .z-{77.75  7’-V3}; 

for  saturated  alcohols: 

Cj  =  — 6.602+  17.8  •  10-37’ +  139.85  •  lO-’T’Z  —  12.51  •  10-97’3  + 

+  C2  (7’)  n  +  {242.2mc-o.oo77’) ; 


(1) 

(2) 

(3) 

(4) 

(6) 

(6) 


for  aldehydes: 

Cj  =  — 6.882  +  5.98-  10-37’  + 211.88  •  10-77’2— 15.01  •  10-9r3  + 


+  C2  (7’)  n  +  (215  (n2  +  m)  -ic-o-oovT-) ; 

for  acids: 

Cj  =  — 5.692  +  18.2-10-37’  +  122.48  .  10-77’2  —  15.012  •  10-97’3  + 
+  C2(7’)  n  +  {127.56/1-1  •  m.-ic-o.0O7r) 


O) 


(8) 
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for  esters  (methyl  formate,  etc.): 

Cj  =  -  14.54  +  24.2  •  10-'’r  + 275.8  •  10" ’TZ  — 25.02  •  10-»7’3  .f- 

+  C2(r)  .  In  +  (14  •  (10-3)6-0.0077’);  (9) 

for  thiols:  GmH2»+]SH: 

Cl  =  c\{T)  +  Cz{T)-  z{foT  2  >4)  (10) 

and  for  thioethers: 

^>  =  o;'(7’)  +  C2(r)  .  2z  (for  z>5).  (11) 


In  the  above  Formulas  (1-11),  the  term 


C2  (T)  =  0.1203  +  21.3  •  lO-'iT’  —  110.33  •  iO-^T^  +  2. .502  •  10-n7’3  (12) 

Is  the  fraction  of  the  heat  capacity  per  each  methylene  group  CH2  of  the  carbon  chain,  equal  for  all  the  homo¬ 
logous  seris  of  organic  compounds;  z  is  the  number  of  methylene  groups  in  the  linear  carbon  chain  of  the  mole¬ 
cule;  n  is  the  number  of  carbon  atoms,  and  tn  is  the  number  of  hydrogen  atoms  in  the  molecule;  T  is  the 
temperature  of  the  substance  on  the  Kelvin  scale;  in  Formulas  (10)  and  (11)  the  terms  Cj  (T)  and  c^"  (T) 
represent  the  increment- temperature  relationships  characteristic  for  given  homologous  series,  which  remain  to 
be  studied.  Further,  in  Formula  5  the  term  in  the  braces  is  taken  into  account  only  for  cyclohexane, 
at  the  end  of  the  calculation  by  Formula  (5);  in  Formulas  (6)  and  (9)  such  terms  should  be  taken  into  account 
only  for  the  first  four,  and  in  Formulas  (7)  and  (8)  for  the  first  five  compounds  in  each  homologous  series. 

Finally,  Formulas  (1)- (5)  can  be  used  to  calculate  molar  heat  capacities  in  the  250-1600°  K  range  with  an 
average  accuracy  to  within  0.2-0.57o;  however,  for  the  first  three  members  the  accuracy  is  less,  in  some  cases 
to  within  1.5%,  but  with  increase  of  temperature  this  becomes  about  0.5%. 

Formulas  (6)-(9)  can  be  used  to  calculate  over  the  298.16-1000°  range,  but  the  accuracy  is  considera¬ 
bly  less.  Thus,  for  the  n- alcohols,  up  to  600°  K,  the  heat  capacities  calculated  by  Formula  (6)  for  the  first  three 
members  of  the  series  may  show  average  deviations  of  7,  5,  and  2%  respectively  from  the  true  values,  for  the 
remaining  n- alcohols  the  accuracy  of  determination  of  C®  is  within  0.2yo-1.5%. 

The  accuracy  given  by  Formulas  (7)  and  (8)  for  the  heat  capacities  of  aldehydes  and  acids,  for  the  first 
three  or  four  members  of  each  series  up  to  600°  K,  is  no  better  than  2-7%,  for  compounds  with  n  >  4  it  is  of  the 
order  of  0.4?  1%  over  the  entire  298.16-1000°  K;  range;  the  accuracy  improves  rapidly  with  increase  of  n. 

For  esters,  the  accuracy  of  determination  of  Cp  for  compounds  with  ns:  10  is  of  the  order  of  0.5-1%,  and 
for  compounds  withm  <  10,  no  better  than  2-10%. 


It  should  be  noted  that  the  heat  capacity  in  all  the  formulas  is  given  in  cal  /moletdegree. 

In  illustration,  the  Figure  shows  a  comparison  of  the  heat  capacities  C®  at  various  temperatures  for 
methane  (Curve  I),  ethane  (Curve  II),  propane  (Curve  III)  n- butane  (Curve  IV),  pentane  (Curve  V),  hexane 
Curve  VI),  heptane  (Curve  vn),  ethylene  (Curve  D,  propene  (Curve  11'),  and  1-pentene  (Curve  IV*),  calculated 
by  means  of  the  above  formulas,  with  the  values  found  by  various  authors, experimentally  or  by  calculation 
from  spectroscopic  data.  The  continuous  lines  are  based  on  calculations  from  our  formulas.  In  the  case  of  the 
alkanes  our  graphs  correspond  very  closely  to  the  values  calculated  by  the  Pirson  and  Pimentel  method  [8J. 
Therefore  our  data,  and  the  data  of  Pirson  and  Pimentel  fit  exactly  on  the  continuous  curves  shown  in  the 
Figure.  In  addition,  the  Figure  gives,  for  comparison,  numerous  values  for  the  heat  capacities  of  these  com¬ 
pounds  determined  experimentally  or  calculated  theoretically  by  a  large  variety  of  authors;  Kistiakowsky  et  al. 
[28-30],  Waddington,  Todd,  and  Huffman  [31],  Dailey  and  Felsing  [32],  Eucken  and  Parks  [33],  Pitzer  [34], 

Void  [35],  Thompson  [36],  Frost  [37],  and  others  [38-41]. 


It  is  clear  from  the  Figure  that  the  values  of  C®  found  from  the  above  formulas  are  in  very  good  agree¬ 
ment  with  experimental  data  and  with  the  theroretical  results  calculated  by  many  other  authors. 


In  Tables  1,  2,  and  3  our  results  calculated  by  the  above  formulas  are  compared  with  the  latest  spectro¬ 
scopic  calculations  of  Pirson  and  Pimentel  [8],  with  experimental  data  [31, 38,41],  and  with  results  of  approxi¬ 
mate  calculations  given  by  Prosen,  Kilpatrick,  Pitzer,  Rossini,  and  others  [12-16].  Table  1  shows  that  the 
greatest  deviation  between  our  results  and  experimental  data  is  in  the  case  of  n- octane  at  403°  K,  the  value 
being  0.65%;  in  the  other  cases  the  results  calculated  from  our  equations  are  in  very  good  agreement  with  the 
latest  experimental  data.  An  interesting  fact  is  that  our  data  for  n- alkanes  almost  exactly  coincide  with  Pirson 
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Heat  capacities  of  vapors  of  organic  compounds  at  various 
temperatures. 

A)  Heat  capacity  C°  (cal/  mole*degree),  B)  temperature 
(“K). 

The  numbers  of  the  curves  are  explained  in  the  text. 

Sources:  1)  the  author,  and  Pirson  and  Pimentel  [8J; 

2)  Waddington,  Todd,  and  Huffman  [31];  3)  Dailey  and 
Felsing  [32j;  4)  Kistiakowsky  et  al.  [28-30];  5)  Eucken 
and  Parks  [33];  6)  Pitzer  [34];  7)  Waddington  and  Douslin 
[41];  8)  Eucken  and  Lude  [40];  9)  Sage,  Webster,  and 
Lacey  [39];  10)  Void  [35];  11)  Frost  [37];  12)  Scott, 

Waddington,  Smith,  and  Huffman  [38];  13)  Kistiakowsky 
and  Rice  [30]. 

and  Pimentel's  values  calculated  from  spectroscopic  data  (Tables  2  and  3).  However,  for  temperatures  below 
600“  with  decreasing  temperature  and  with  increasing  molecular  size  the  approximate  values  calculated  by 
Prosen,  Kilpatrick,  Pitzer,  Rossini,  and  others  [12-16]  begin  to  diverge  sharply  from  the  calculated  values  of 
Maslov,  Pirson,  and  Pimentel,  and  from  experimental  data.  It  is  true  that  for  temperatures  above  600“  the 
calculated  results  of  all  these  authors  are  practically  identical  and  are  in  good  agreement  with  experimental 
data.  The  values  of  C®  found  by  Prosen,  Kilpatrick,  and  others  [11-16]  deviate  from  the  true  values  owing  to 
an  error  in  calculation  of  the  heat  capacity  increment  per  CHg  group. 

Therefore  the  calculated  values  of  Pirson  and  Pimentel  [8],  and  the  author's  formulas  given  in  this  paper, 
must  be  regarded  as  more  accurate. 
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TABLE  1 

Comparison  of  Our  CElculdtcd  Values  of  C  for  U”  Alkanes  and  n“Alkenes  with  Values  Given  by  Other  Authors,  for  Various  Temperatures 


parentheses  calculated  spectroscopically, 


TABLE  2 

Comparison  of  Heat  Capacities  Cp  of  Certain  n- Alkanes  Calculated  by  Our  Formulas  with  Calculated  Data  in  the  Literature  [1,5,6J 
and  with  Pirson  and  Pimentel's  Results  [8J 


I 
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91.22 
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82.28 
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35.06 

44.04 
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92.02 

"difference 
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gb 
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43.41 

49.45 
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43.58 

49.64 

54.83 

59.30 
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29.30 
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54.98 

59.37 
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Temperature 

(") 

298.16 

400 

500 

600 

700 

800 

900 

1000 

1100 

1500 

782 


TABLE  3 

Comparison  of  Data  on  Heat  Capacities  C®  of  n- Alkanes  Calculated  by  Pirson  and  Pimentel  [8]  and  by  Our  Formulas 
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1 

siinsai  s.xai 
-uaiutfi  puE 
•jno  uoDMiaq 

OOUOJOJJtp 

—0.08 

—0.01 

-f0.07 

+0.14 

+0.22 

+0.29 

-t-0.37 

+0.44 

+0.52 

+0.90 

1 

ID 

d 

1500®  K 

T3 

4-» 

Exnuijoj 
Xq  *sjno 

20.59 

34.94 

49.28 

63.63 

77.97 

92.32 

106.66 

121.01 

135.35 

149.70 

221.42 

CO 

CO 

a 

o 

[8]  S.X93 
-n9lUTd 

35.02 

49.29 

63.66 
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sinouooM^oc 
OOUSJOJJtp 
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1 

a 

rH 

d 
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"O 

93 

c5 
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o 
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SUMMARY 


1.  Recent  data  have  been  used  to  verify  and  modify  previously  publishf  O  general  formulas  for  calculation 
of  heat  capacities  C®  of  vapors  of  organic  compounds:  n-alkanes,  n-alkener,  n-alkynes,  n-alkyl benzenes, 
n-alkylcyclohexanes,  n-alcohols,  aldehydes,  acids,  esters,  thiols,  and  thiocthers,  over  a  wide  range  of  tempera¬ 
tures. 

2.  These  general  formulas  can  be  used  for  calculations  of  molar  heat  capacities  C®  ,  the  results  being  in 
excellent  agreement  with  experimental  data  and  results  of  spectroscopic  calculations. 
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POLAROGRA  PHIC  STUDY  OF  MONOMERIC  ESTERS  OF  METHACRYLIC  ACID 


V.  D.  Bezuglyi  and  V.  N.  Dmitrieva 
Experimental  Laboratory  of  the  Kharkov  Dental  Materials  Factory 


The  first  ester  of  methacrylic  acid  to  be  studied  polarographically  was  the  methyl  ester  (methyl  metha¬ 
crylate),  investigated  by  Neiman  and  Shubenko  [Ij.  The  value  of  the  half-wave  potential  for  methyl  metha¬ 
crylate,  with  N(CH3)4l  as  the  supporting  electrolyte,  was  found  by  these  authors  to  be  -1.92  v  relative  to  the 
standard  calomel  electrode. 

Korshunov  and  Kuznetsova  [2],  who  studied  methyl  and  butyl  methacrylates,  found  values  of  Ej^^  of 
-1.95  and  -2.0  v  respectively  in  presence  of  N(CH3)4l.  These  authors  suggested  that  the  reduction  mechanism 
involves  reduction  at  the  double  bond  between  the  carbon  atoms. 

After  our  work  had  been  completed,  a  paper  was  published  by  Bobrova  and  Matveeva  on  the  polaro- 
graphic  reduction  of  esters,  containing  the  results  of  a  study  of  a  number  of  vinyl  and  acrylic  esters,  including 
methyl  methacrylate,  butyl  methacrylate,  and  methacrylic  acid  [3]. 

Although  nearly  all  the  authors  cited  recommend  the  polarographic  method  for  determination  of  methyl 
methacrylate  in  studies  of  its  polymerization  in  presence  of  benzoyl  peroxide,  they  do  not  give  detailed  descrip¬ 
tions  of  the  method.  However,  the  development  of  the  method  is  just  as  important  as  the  principle  of  the  reduc¬ 
tion  of  methyl  methacrylate  at  the  dropping- mercury  electrode.  Our  experiments  showed  that  the  problem  of 
the  reduction  of  methacrylic  acid  is  solved  incorrectly  in  the  literature  [3]. 

In  the  present  investigation  we  studied  a  series  of  different  methacrylate  esters,  examined  the  mecha¬ 
nism  of  the  reduction,  and  developed  a  method  tor  determining  them  in  presence  of  other  compounds  (dibutyl 
phthalate,  benzoyl  peroxide,  etc.).  Moreover,  the  behavior  of  methacrylic  acid  at  the  dropping- mercury  elec¬ 
trode  was  elucidated. 

The  polarograph  of  the  "Geologorazvedka"  works,  model  SGM-8,  was  used  for  the  work.  The  capillary 
had  the  following  characteristics:  m  2/3  t  1/6  (at  —2.17  v)  =  1.180  (supporting  electrolyte,  0.1  N  Li2S04  solu¬ 
tion  in  lOo/c  methyl  alcohol).  In  presence  of  0.02  N(CH3)4l  solution  in  927c  CH3OH  m  2/  3  t  1/  6  =  i.746. 

The  supporting  electrolytes  used  were  an  alcoholic  benzene  solution  of  N(CH3)4l  (0.02  N)  and  0.1  N 
solution  of  Li2S04  in  10<7o  methyl  alcohol. 

The  methacrylate  esters  -  methyl,  ethyl,  butyl,  and  allyl  -  were  purified  by  distillation  over  a  rectifi¬ 
cation  column.  The  first  two  esters  were  commercial  samples,  and  the  last  was  synthesized  by  D.  E. 
Braslavskaya  in  our  laboratory. 

The  esters  had  the  following  constants: 
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Methacrylates 

d» 

25 

Methyl 

0.941 

1.4131 

Ethyl 

0.911 

1.4123 

Butyl 

0.894 

1.4221 

Allyl 

0.934 

1.4373 

Methyl  alcohol  was  purified  by  the  method  described  by  Kolthoff  [4J  before  use.  Standard  0.05  molar 
solutions  of  the  esters  were  prepared.  Methyl  and  ethyl  methacrylates  were  dissolved  in  20%  aqueous  methanol, 
and  butyl  and  allyl  methacrylates,  in  60%  aqueous  methanol. 

Ten  ml  of  the  supporting  electrolyte  was  taken,  hydrogen  v/as  passed  through  it  for  15-20  minutes, 
and  a  definite  quantity  of  the  standard  ester  solution  was  added.  The  polarographic  data  for  the  various  esters 
are  given  in  the  figures. 

It  follows  from  Figures  1-4  that  all  the  esters  studied  give  polarographic  waves  with  similar  half-wave 
potentials  (Table  1),  probably  because  of  the  small  influence  of  the  nature  of  the  substituent  alkyl  radical  on 
the  reactivity  of  the  double  bond  in  the  acid  group. 

Even  the  introduction  of  an  allyl  group,  i.e.,  the  introduction  of  a  second  double  bond  into  the  ester 
molecule,  has  almost  no  effect  on  the  half-wave  potential,  probably  owing  to  the  large  distance  between  the 
double  bonds. 

The  nature  of  the  variations  of  the  wave  heights  (except  in  the  case  of  allyl  methacrylate)  can  be  attri¬ 
buted  to  the  influence  of  molecular  weight  on  the  coefficient  of  diffusion. 


TABLE  1 


TABLE  2 


Values  of  Half-Wave  Potentials  and  Diffusion  Current 
Constants  for  Methacrylate  Esters  in  Presence  of  0.1  N 
Li2S04  Solution  in  10%  Methanol 


Variation  of  the  Wave  Height  for  Methyl 
Methacrylate  with  Background  pH 


Methyl 

Ethyl 

Butyl 

Allyl 

metha- 

metha- 

metha- 

metha- 

cry late 

crylate 

crylate 

crylate 

^V2 . 

-1.88 

-1.90 

-1.98 

-1.93 

K  = - .  .  .  d 

2:60 

2.53 

2.08  1 

2.75 

1  1 

3 1  ^ 

em  '■ 

pH . 

4.16 

6.75 

8.57 

H  (in  mm).  .  . 

18 

21.5 

26.5 

With  increasing  background  pH  the  half-wave 
potential  is  shifted,  although  only  slightly,  in  the  posi¬ 
tive  direction.  The  diffusion  current  also  increases 
(Table  2).  Similar  variations  of  I(j  and  Ej  were 
observed  for  the  other  esters  studied,  '  * 

It  follows  from  Figures  5-7  that  methacrylic 
acid  is  not  reduced  at  the  dropping- mercury  electrode 
in  the  conditions  of  our  experiments.  The  wave  produced  on  addition  of  methacrylic  acid  to  the  background  is 
caused  by  reduction  of  hydrogen  ions  at  E  =—1.5  to— 1.6  v,  because  additions  of  small  amounts  of  alkali  (KOH), 
as  is  clear  from  Figure  4,  result  first  in  a  decrease  and  then  in  total  disappearance  of  the  polarographic  wave. 
Acetic  acid  added  to  the  same  background  gives  a  wave  at  the  same  potential  as  methacrylic  acid.  Addition 
of  methacrylic  acid  to  buffer  solutions  with  pH  3.14,  5.11,  7.54  (used  as  supporting  electrolytes)  did  not  result 
in  the  appearance  of  a  wave  on  the  polarogram  (Figure  7). 

•  Our  explanation  of  the  mechanism  of  the  reduction  of  methacrylate  esters  was  based  on  the  following 
considerations. 

As  is  reported  in  the  literature  [5J  the  electrochemical  reduction  of  unsaturated  esters  usually  occurs 
at  the  double  bond.  Since  all  the  esters  studied  had  similar  half-wave  potentials,  their  reduction  proceeds  by 
the  same  mechamism  in  all  cases,  and  can  be  represented  as  follows: 


CH, 


CHa 


CH 


,=G-C/  +  2H+  GH3-CH-G<f 

^OR  ^ 


^OR 
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Fig.  1.*  Polarographic  waves  of 
methyl  methacrylate  in  presence 
of  0.1  N  Li2S04  solution  in  10<7o 
CH3OH. 

Monomer  concentration  (in  moles/ 
liter);  l)  background,  2)  0.001006, 
3)  0.00192,  4)  0.00288,  etc. 


M 


Fig.  3.  Polarographic  waves  of 
allyl  methacrylate  in  presence 
of  0.1  N  Li2S04  solution  in  10% 
CH3OH. 

Monomer  concentration  (in 
millimoles/ liter);  1)  background, 
2)  0.98,  3)  1.93,  4)  2.85,  5)  3.72 
6)  4.57. 


Fig.  2.  Polarographic  waves 
of  butyl  methacrylate  in  pres¬ 
ence  of  0.1  N  Li2S04  solution 
in  10%  CH3OH. 

Monomer  concentration  (in 
moles/ liter);  1)  background, 
2)  0.00100,  3)0.00192, 

4)  0.0028  etc. 


A 


Fig.  4.  Polarographic  waves  of 
methyl  methacrylate  in  presence 
of  0.02  N  N(CH3)4l  solution  in 
92%  CH3OH. 

Monomer  concentration  (In 
millimoles/ liter);  1)  background, 
2)  1.06,  3)  2.09,  4)  3.07,  5)  4.03. 


•In  all  the  figures  except  8  and  9,  A  is  the  current  strength  (in  ma),  and  B  is  the  potential  (in  v). 
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Fig.  5.  Polarograins  of  metha- 
crylic  acid  in  presence  of  0.1  N 
Li2S04  solution  in  lO^CHsOH. 
1)  10  ml  of  0.00102  molar  solu¬ 
tion  of  methacrylic  acid;  addi¬ 
tions  of  0.5  N  KOH  solution  (in 
ml):  2)  0.05,  3)  0.10. 


Fig.  6.  Polarograms  of  metha¬ 
crylic  acid  in  presence  of  0,02  N 
solution  of  N(CH3)4l  in  CH3OH. 
Concentration  of  CH3OH  (  in  %); 
1)  water  background,  2)  5Q, 

3)  92. 


The  fact  that  methacrylic  acid,  which  also  has  a  double  bond,  does  not  give  a  polarographic  wave  in 
conditions  in  which  its  esters  do,  is  due  to  differences  in  the  induction  effects  in  their  molecules.  In  the  esters 
the  electron  dcnsitybetween“C  =C—  is  decreased  owing  to  displacement  of  electrons  in  the  direction  of  the 
carbonyl  and  methoxyl  groups,  which  have  electron- acceptor  properties. 


TABLE  3 

Results  of  Polarograpliic  Determination 
of  Methyl  Methacrylate  in  Polymethyl 
Methacrylate  (in  ^o) 


Methyl  metba* 
crylate  added 

Found 

polaro- 

graphically 

0.900  1 

0.912 

0.907 

3.6  1 

3.450 

3.490 

3.540 

1 

10 

1  ' 

9.84 

9.93 

10.27 

10.33 

10.13 

29  1 

28.60 

28.10 

The  published  assertion  [3J  that  methacrylic 
acid  is  reduced  at  the  dropping- mercury  electrode  is 
erroneous;  the  waves  obtained  arc  caused  by  hydrogen 
ions.  This  is  confirmed  lx)th  by  the  experiments,  de¬ 
scribed  above,  with  addition  of  KOH,  and  by  data  on 
the  diffusion  current  constant;  this  is  lower  for  metha¬ 
crylic  acid  than  for  the  esters,  and  is  decreased  consi¬ 
derably  on  addition  of  methyl  alcohol.  The  latter 
effect  is  the  consequence  of  the  incomplete  dissocia¬ 
tion  of  the  acid  in  water  and  the  considerable  decrease 
of  its  degree  of  dissociation  on  addition  of  alcohol. 

The  absence  of  polarographic  waves  for  metha¬ 
crylic  acid  when  it  is  added  to  buffer  solutions  also 
indicates  that  methacrylic  acid  is  not  reduced  at  the 
dropping- mercury  electrode. 

The  foregoing  results  were  used  for  polarographic 
determination  of  the  above-named  esters,  including 
methyl  methacrylate,  in  their  polymerization  products 
(block  Plexiglas,  emulsion- polymerized  powder,  reac¬ 
tion  mixture,  etc.). 


The  following  method  was  developed  for  the 
purpose;  a  weighed  sample  of  the  polymer  (0.7-0. 8  g) 
containing  the  monomer  is  dissolved  in  10  ml  of  ben¬ 
zene;  the  solution  is  quantitatively  transferred  into  a  50  ml  measuring  flask  and  made  up  to  the  mark  with 
methyl  alcohol.  The  weighed  sample  may  also  be  taken  directly  into  a  weighed  measuring  flask.  After  sedi¬ 
mentation  of  the  precipitated  polymer,  1  ml  of  the  solution  is  put  into  the  electrolytic  cell,  5-10  ml  of 
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saturated  NCCHs)^!  in  92%  methanol  is  added,  the  solution  is  mixed  by  means  of  a  current  of  hydrogen,  and 
polarographed. 

No  appreciable  adsorption  of  the  monomer  by  the  precipitate  took  place  in  these  conditions. 

The  monomer  content  is  found  with  the  aid  of  a  calibration  graph  plotted  for  standard  conditions 
(Figure  8).  The  results  of  polarographic  determinations  of  methyl  methacrylate  monomer  are  given  in  Table  3. 

The  above  method  can  be  used  with  success  for  studies  of  polymerization  kinetics;  in  particular,  we  used 
it  for  a  study  of  the  kinetics  of  polymerization  of  methyl  methacrylate  in  self-hardening  AST  resin  (Figure  9). 


Fig.  7.  Polarograms  of  0.005  molar 
solutions  of  methacrylic  acid  in 
presence  of  buffer  solutions. 
pH  values:  1)  3.17,  2)  5.11,  3)  7.34. 


Q  10  20  30  W  50  60 


Fig.  8..  Calibration  graph  for 
methyl  methacrylate  in  presence 
of  0.02  N  N(CH3)4l  solution  in 
92%  CH3OH. 

A)  Current  strength  (in  ma),  B)  con¬ 
centration  (in  millimoles/  liter). 


1.56  1.11  B 


Fig,  9.  Curve  for  the  polymerization 
kinetics  of  methyl  methacrylate  in  AST 
resin,  based  on  polarographic  data. 

A)  Content  of  methyl  methacrylate  (in  %) 

B)  time  (min  ). 

Composition  (%);  emulsion- polymerized 
polymethyl  methacrylate  67,  methyl  metha¬ 
crylate  30,  benzoyl  petoxide  0.5,  demethyl- 
aniline  2.5,  polym.erization  temperature  25*. 


Fig.  10.  Polarographic  waves  of  di¬ 
butyl  phthalate  in  presence  of  0.02  N 
N(CH3)4l  solution  in  92%  CH3OH. 
Dibutyl  phthalate  concentration  (in 
millimoles/ liter):  l)  0.49,  2)  0.96, 
3)  1.85. 
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Methyl  methacrylate  may  also  he  determined  in  presence  of  dibutyl  phthalatc,  which  is  also  reduced  in 
the  same  potential  region  and  givi  s  2  waves:  =  —  1.77  v,  and  2.06  v  (P'igure  10). 


TABLE  4 


Results  of  Polarographic  Determinations  of  Di butyl 
Phthalate  and  Methyl  Methacrylate  in  Polymethyl 
Methacrylate  (in  %) 


Dibutyl  phthalate 

Methyl  methacrylate 

taken 

found 

taken 

found 

1.40 

1.30 

2.30 

2.28 

7.80 

7.80 

2.30 

2.28 

5.80 

6.06 

2.30 

2.37 

7.20 

6.94 

2.30 

2.27 

3.80 

4.18 

2.30 

2.28 

When  methyl  methacrylate  and  dibutyl  phtha¬ 
late  are  present  together,  the  former  should  be  deter¬ 
mined  by  the  second  wave,  after  subtraction  of  the 
height  of  the  first  wave,  corresponding  to  reduction 
of  dibutyl  phthalatc.  The  amount  of  dibutyl  phtha¬ 
late  ih  the  mixture  with  the  monomer  is  calculated 
from  the  first  wave. 

Results  of  determinations  of  methyl  metha¬ 
crylate  in  presence  of  dibutyl  phthalate  are  given  in 
Table  4. 

SUMMARY 

1.  The  polarographic  activity  of  methacrylic 
acid  esters:  methyl,  ethyl,  butyl,  and  allyl,  has  been 
studied  and  their  main  polarographic  constants  deter¬ 
mined. 


2.  It  is  shown  that  methacrylic  acid  is  not  reduced  at  the  dropping- mercury  electrode  in  the  conditions 
studied,  the  wave  formed  being  due  to  reduction  of  hydrogen  ions. 

3.  The  polarographic  methid  is  shown  to  be  applicable  to  determination  of  monomers  in  plastics  soluble 
in  organic  solvents,  both  in  absence  and  in  presence  of  dibutyl  phthalate  plasticizer. 
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PRODUCTION  OF  SYNTHETIC  RESINS  FROM  LIGNIN 
BY  THE  ACTION  OF  ACETYLENE  IN  THE  PRESENCE  OF  ALKALI 


N.  I.  Nikitin,  S.  D.  Antonovsky,  and  M.  A.  Mikhailova 


In  the  production  of  cellulose  from  wood  by  alkaline  pulping  processes,  the  black  liquor  obtained  as  a 
waste  product  after  the  cooking  contains  a  considerable  amount  of  lignin  in  its  organic  constituents. 

The  total  amount  of  lignin,  which  comprises  up  to  28«7o  of  the  weight  of  absolutely  dry  conifer  wood  and 
up  to  25%  of  the  wood  of  deciduous  trees,  and  which  is  a  waste  product  of  the  pulp  industry,  is  very  large.  It  is 
equal  to  about  half  the  amount  of  cellulose  produced  daily  in  the  pulp  mills.  However,  at  present  hundreds  of 
tons  of  this  valuable  organic  product  are  burned  in  the  mills  as  fuel  in  alkali  recovery,  as  we  do  not  have  in  the 
USSR  any  processes  for  its  better  utilization  as  a  chemical  raw  material. 

Recent  research  shows  that  lignin  is  not  a  single  chemical  substance  but  is  a  mixture  of  aromatic  sub¬ 
stances derivatives  of  catechol  and  pyrogallol.  The  relatively  high  content  of  hydroxyl  groups  in  lignin  ob¬ 
tained  from  wood  by  alkaline  processes  makes  it  capable  of  etherification  reactions.  The  production  of  new 
derivatives  of  lignin  from  black  sulfate  liquor  by  the  action  of  acetylene  is  therefore  a  potential  method  for  its 
utilization  as  a  chemical  raw  material. 

As  is  known,  the  action  of  acetylene  on  hydroxyl- containing  compounds  yields  vinyl  ethers  of  various 
alcohols  and  phenols.  On  the  basis  of  Shostakovsky's  work,  vinyl  ethers  are  now  widely  used  in  industry  for 
polymer  syntheses.  The  reaction  of  the  formation  of  vinyl  ethers  was  discovered  by  Favorsky  as  long  ago  as 
1887,  for  the  case  of  allylene  [1]: 


CgHgOH  -f  G=GH  --►GgHg— 0— C=CH2 


CHg 


CHg 


According  to  a  number  of  authors,  the  free  hydroxyl  group  content  of  lignin  isolated  from  conifers  is 
9-10%.  Some  of  these  hydroxyl  groups  are  phenolic,  probably  liberated  in  the  course  of  formation  of  lignin 
from  wood  at  the  high  temperature  of  alkaline  cooking.  It  was  to  be  expected  that  both  aliphatic  and  phenolic 
hydroxyls  in  lignin  would  react  with  acetylene. 

As  a  first  attempt  to  bring  this  reaction  about,  Nikitin  and  Mikhailova,  at  the  Ural  Branch  of  the  Academy 
of  Sciences  USSR  in  1943-1945,  obtained  ether- soluble  resinous  products  by  the  reaction  of  acetylene  with 
alkaline  lignin  obtained  from  pine  wood  by  soda  cooking  [2]. 

The  purpose  of  the  present  investigation  was  the  production  of  synthetic  resins  from  lignin  in  sulfate  pulp 
black  liquor,  elucidation  of  the  composition  of  the  products,  and  a  more  detailed  study  of  the  reaction,  which 
is  also  of  some  technical  interest  [3J. 


EXPERIMENTAL 

The  black  liquors  used  were  obtained  by  laboratory  sulfate  cooking  of  pine  wood,  and  also  from  the  pro¬ 
duction  cycle  at  the  Kekhra  mill  of  the  Esthonian  SSR. 

The  principal  method  used  for  isolation  of  lignin  from  the  black  liquors  was  by  saturation  with  carbon 
dioxide;  this  gives  the  purest,  most  homogeneous,  and  most  reactive  lignin  [4J.  This  method  should  also  be 
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TABLE  1 

Comparative  Data  on  Lignins  Isolated  by  Different  Methods  from  Black  LiQuor  from  Laboratory  Sulfate  Cooking 
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the  most  suitable  froni  the  economic  aspect,  as  flue  gases  can  be  used  as  a  source  of  carbon  dioxide  for 
industrial  purposes. 

Other  methods  for  the  isolation  of  lignin  were  used  only  for  comparisons  of  lignin  yields  and  for  qualita¬ 
tive  characterization  of  the  product. 

Experiments  on  the  precipitation  of  lignin  with  carbon  dioxide  showed  that  the  yield  of  lignin  increases 
with  increasing  concentration  of  the  black  liquor.  The  best  yields  of  lignin  in  precipitation  from  black  liquors 
were  obtained  from  liquors  containing  between  19  and  21%  solids. 

Comparative  data  on  lignins  isolated  from  black  liquors  by  means  of  carbon  dioxide  and  by  acidification 
with  mineral  acid  are  given  in  Table  1, 

The  higher  contents  of  carbon,  combined  sulfur,  and  methoxyl  groups,  and  the  lower  residual  pentosan 
content  in  lignin  isolated  from  black  liquor  by  means  of  carbon  dioxide  show  that  this  lignin  is  purer  and  more 
homogeneous  than  lignin  precipitated  with  mineral  acid. 

Before  investigation  of  the  reaction  of  lignin  with  acetylene  and  alkali,  preliminary  control  experiments 
were  carried  out  in  which  lignin  was  heated  with  aqueous  8%  NaOH  solution  without  acetylene  at  170-175“,  in 
order  to  determine  the  extent  to  which  lignin  decomposes  during  such  heating.  Samples  were  taken  after  20 
and  40  hours  of  heating. 

Determinations  of  the  amount  of  lignin  precipitated  by  addition  of  dilute  hydrochloric  acid  (to  the 
original  liquor  and  the  liquor  after  heating)  showed  that  the  lignin  content  decreased  by  20%  after  20  and  40 
hours  of  heating.  Only  80%  of  the  original  dissolved  lignin  was  precipitated  on  acidification  (Table  2). 

TABLE  2 


Amounts  of  Lignin  Precipitated  by  Dilute  Hydrochloric  Acid  from 
Liquor  after  Prolonged  Heating  at  170-175"  (without  Acetylene) 


Liquor 

Amount  of  substance  precipitated 
from  5  cc  of  liquor  on  acidification 

in  g 

in  % 

Original  liquor 

0.1940 

100.0 

Liquor  heated  for  20  hours 

0.1558 

80.2 

Liquor  heated  for  40  hours 

0.1547 

79.7 

The  data  in  Table  2  show  that  prolonged  heating  of  lignin  with  alkali  causes  changes  as  the  result  of 
which  one  fifth  of  the  lignin  is  not  precipitated  on  acidification.  Most  of  the  lignin,  however,  can  still  be 
precipitated  by  acids. 

Determination  of  the  elementary  composition  of  the  precipitated  lignin  (heated  with  alkali  for  40  hours) 
showed  a  slight  increase  of  the  carbon  content  over  that  of  lignin  precipitated  from  the  original  liquor  (Table  3). 
The  data  in  this  table  show,  however,  that  prolonged  heating  of  lignin  with  alkali  caused  much  hydrolysis  of 
the  methoxyl  groups  (from  10.6  down  to  5.5%). 


TABLE  3 

Changes  in  the  Elementary  Composition  of  Lignin  after  Prolonged 
Heating  with  Alkali  without  Acetylene  (at  170-175“) 


Substance 

C  (in  %) 

H  (in  %) 

O  (in  %) 

OCHg  (in  %) 

Original  lignin 

64.00 

63.80 

5.50 

5.57 

30.50 

30.63 

10.55 

10.68 

Lignin  heated  for 
40  hours  with  al¬ 
kali 

65.14 

65.20 

5.30 

5.20 

29.56 

29.60 

5.73 

5.40 

Such  heating  might  have  resulted  in  removal  of  side  chains  in  position  1  in  the  guaiacyl  residues,  and 


formation  of  such  products  as  acetic,  formic,  and  propionic  acids;  the  liquor  heated  without  acetylene  was 
therefore  analyzed  for  volatile  acids.  For  this,  the  liquor  in  the  autoclave  was  distilled  in  presence  of  excess 
phosphoric  acid  and  the  total  volatile  acids  in  the  distillate  were  determined  by  titration.  The  total  content  of 
these  acids  (calculated  as  acetic)  was  found  to  be  4.76%.  The  formation  of  this  amount  of  volatile  acids  during 
prolonged  heating  of  lignin  with  alkali  at  170-175"  indicates  that  side  chains  were  only  partially  split  off  under 
these  conditions,  and  the  carbon  skeleton  of  the  lignin  was  largely  retained. 


76.0% 

53.5% 


B 


Fig.  1.  Consumption  of  acetylene  in  its  reaction  with  lignin  at 
170"  as  a  function  of  the  number  of  charges  and  duration  of  heat¬ 
ing. 

A)  Amount  of  acetylene  consumed  (as  %  of  amount  charged  into 
the  autoclave),  B)  duration  of  heating  (hours), 

Roman  numerals  indicate  the  numbers  of  charges. 


The  reaction  of  alkaline  lignin  with  acetylene  was  effected  in  a  rotary  steel  autoclave.  The  initial 
pressure  of  acetylene,  introduced  into  the  autoclave  from  a  cylinder,  was  13-14  atm.  excess. 

In  the  first  series  of  experiments  the  reaction  between  acetylene  and  lignin  was  carried  out  (without 
isolation  of  the  lignin)  directly  in  the  black  liquor.  The  reaction  temperature  in  this  series  was  170*.  The 
catalyst  was  5%  caustic  soda  solution,  formed  in  the  autoclave  by  addition  of  the  right  amount  of  dry  caustic 
to  the  black  liquor. 

When  the  autoclave,  filled  with  liquor  and  acetylene,  was  heated  to  the  reaction  temperature,  the  pressure 
rose  to  27-28  atm.  and  then  began  to  fall  rapidly.  The  decrease  of  acetylene  pressure  at  constant  reaction 
temperature  indicated  that  rapid  absorption  was  taking  place.  The  acetylene  consumption  was  recorded  by  the 
decrease  of  pressure  in  the  autoclave  during  the  reaction,  and  was  expressed  in  grams. 

The  experiments  showed  that  absorption  of  acetylene  was  most  rapid  during  the  first  3-4  hours  at  170", 
and  the  reaction  then  slowed  down  considerably.  Slow  absorption  of  acetylene  continued  for  40-50  hours  with 
repeated  charging  of  acetylene  into  the  autoclave.  Equal  yields  of  reaction  products  and  acetylene  consump¬ 
tions  could  be  obtained  by  increasing  the  number  of  repeated  chargings  and  by  carrying  out  the  reaction  only 
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at  high  acetylene  pressure.  This  gave  a  considerable  decrease  of  the  reaction  time,  from  50  hours  with  five 
charges  to  30  hours  with  seven  charges  (Figure  1). 

The  reaction  of  acetylene  with  lignin  present  in  the  black  liquor  always  gave  products  which  were 
partially  precipitated  during  the  reaction  in  the  form  of  a  lumpy,  brown,  tarry  mass,  and  a  sirupy  brown  liquid 
(paler  than  the  original  black  liquor).  The  products  were  neutralized  with  dilute  hydrochloric  acid,  washed 
thoroughly  with  water,  and  dried  under  vacuum. 

The  reaction  products  were  then  fractionated  by  solution  in  ether.  The  yields  of  ether- soluble  resins 
were  high  -  up  to  181. Sfyo  on  the  weight  of  the  original  lignin  (an  approximate  calculation  of  the  theoretical 
yield  gave  144'7oX*  The  consumption  of  acetylene  in  this  reaction  was  also  high,  5-6  times  the  theoretical 
value. 

The  high  consumption  of  acetylene,  and  the  high  yields  of  the  products,  can  be  attributed  to  subsidiary 
condensation  of  the  acetylene  itself  (see  below)  and  its  additional  interaction  with  the  carbohydrates  of  the 
black  liquor.  This  was  confirmed  by  special  experiments,  which  showed  that  the  yield  of  ether-soluble  resins 
and  acetylene  consumption  in  the  reaction  increased  with  increasing  duration  of  sulfate  cooking  and  the  degree 
of  cooking  of  the  resultant  cellulose. 

The  experiments  of  the  second  series  were  performed  with  lignin  previously  isolated  by  precipitation 
from  black  liquor.  The  thoroughly  washed  and  dried  lignin  was  redissolved  in  5%  aqueous  caustic  soda  solution 
and  subjected  to  the  action  of  acetylene.  The  reaction  temperature  was  150". 

Observations  of  the  acetylene  consumption  showed  that  in  this  series  of  experiments  the  absorption  was 
somewhat  slower  than  at  170".  However,  in  this  case  also  most  of  the  acetylene  was  absorbed  during  the  first 
4- 5  hours  of  heating,  and  the  process  then  slowed  down.  The  slow  absorption  of  acetylene  again  continued  for 
40-50  hours,  although  over  60%  of  the  total  acetylene  used  was  absorbed  within  24-25  hours  (Figure  2). 

The  solubility  of  the  reaction  products  of  acetylene  and  lignin  in  ether  was  also  fairly  high  -  up  to  81.3%. 
After  removal  of  the  solvent  the  brown  ethereal  solutions  of  the  resins  yielded  films  (softening  temperature 
70-90"),  transparent  in  thin  layers,  fairly  strong,  and  elastic  in  presence  of  plasticizers. 

As  in  the  first  series  of  experiments,  the  yields  of  ether- soluble  synthetic  resins  were  high  -  up  to  190% 
on  the  weight  of  the  original  lignin.  The  acetylene  consumption  in  this  series  of  experiments  was  also  about 
3-4  times  the  theoretical.  The  high  acetylene  consumption,  and  the  high  yields  of  the  products,  can  be 
attributed  to  side  reactions  of  condensation  of  the  acetylene  itself  during  prolonged  heating  with  alkali  at  high 
temperatures. 

Experiments  on  the  heating  of  acetylene  with  aqueous  caustic  soda  solutions  of  different  concentrations 
yielded  a  tarry  pale  brown  precipitate  on  the  floor  of  the  autoclave  and  a  reddish  brown  alkaline  liquid. 

Analysis  of  the  substances  isolated  from  these  products  by  acidification  gave  the  following  typical  results; 

1)  product  isolated  from  the  pale  brown  precipitate  at  the  bottom  of  the  autoclave,  formed  when  acety¬ 
lene  was  heated  with  5%  aqueous  NaOH: 

0.0818  g  substance;  0.2378  g  COg;  0.0587  g  H2O; 

0.0810  g  substance;  0,2350  g  COg;  0,0585  g  HgO, 

Found  %;  C  80.17,  79.99;  H  8.12,  8.18. 

2)  product  isolated  from  the  reddish  brown  alkaline  solution  in  the  same  experiment; 

0.0580  g  substance;  0.1594  g  CO2;  0.0430  g  H2P; 

0.0939  g  substance;  0.2585  g  CO2;  0.0713  g  H2O, 

Found  %;  C  74.95,  75.07;  H  8.3;  8.5. 


•The  approximate  calculation  of  the  theoretical  yield  of  the  reaction  between  acetylene,  and  lignin,  based  on 
Freudenberg's  empirical  formula  [5],  was  carried  out  on  a  basis  of  partial  hydrolysis  of  the  methoxyl  groups 
during  prolonged  heating  with  alkali,  additional  splitting  of  the  oxygen  bridges  in  lignin,  and  complete  sub¬ 
stitution  of  all  the  hydroxyl  groups  in  the  condensed  lignin  molecule  (M  =  1280).  Partial  hydrolysis  of  the 
methoxyl  groups  is  discussed  below  (p.  797). 
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Fig.  2.  Consumption  of  acetylene  in  its  reaction  with  lignin  at  150*  as  a  function 

of  the  number  of  charges  and  duration  of  heating. 

A)  Amount  of  acetylene  consumed  (as  %  of  amount  charged  into  the  autoclave), 

B)  duration  of  heating  (hours). 

Roman  numerals  indicate  the  numbers  of  charges. 

The  solubility  of  the  thermal  condensation  products  of  acetylene,  in  ether  and  in  most  other  organic  sol¬ 
vents,  was  fairly  high.  It  appeared  that  the  synthetic  resins  formed  in  the  reaction  of  acetylene  with  lignin 
must  contain  some  thermal  condensation  products  of  acetylene  as  impurities.  Further  experiments  showed  that 
the  total  yield  of  the  final  condensation  products  of  acetylene  increases  with  increasing  temperature  and  time 
of  heating  with  aqueous  alkali  solutions  (from  1.1  g  at  100*  to  43.1  g  at  170*  in  50  hours,  and  from  9.2  g  in 
23  hours  to  41.9  g  in  50  hours  at  150").  The  carbon  content  of  the  final  product  of  the  thermal  condensation  of 
acetylene  also  increases  with  temperature  and  heating  time  (from  70.6%  at  100*  to  81.5%  at  150*,  and  from 
66.9%  in  23  hours  to  78.6%  in  50  hours  of  heating). 

Our  aim  in  this  series  of  experiments  was  to  obtain  a  purer  product  of  the  reaction  of  acetylene  with 
lignin  and,  by  comparing  it  with  a  reaction  product  of  acetylene  with  some  model  aromatic  compound  of 
known  structure,  to  attempt  to  elucidate  the  nature  of  the  reaction.  Therefore,  in  parallel  with  the  autoclave 
experiments  with  lignin,  the  reaction  of  acetylene  with  guaiacol  in  5%  aqueous  caustic  soda  solution  was 
carried  out  under  the  same  conditions.  A  similar  investigation  was  commenced  by  Nikitin  and  Mikhailova  as 
long  ago  as  1943-1945  [2J. 

Comparison  of  the  results  of  experiments  on  lignin  with  the  results  obtained  under  the  same  conditions 
with  guaiacol  as  a  model  substance  revealed  some  common  features  in  the  two  reactions. 

The  reaction  of  acetylene  with  guaiacol  yielded  products  consisting  of  a  dark  brown  resinous  liquid  and 
a  paler  aqueous  layer.  The  reaction  products  were  almost  entirely  soluble  in  ether.  The  brown  ethereal  solu¬ 
tions  of  the  products  yielded,  after  evaporation  of  the  solvent,  films  which  were  transparent  in  thin  layers  and 
fairly  strong. 

The  yield  of  ether-soluble  products  of  the  reaction  of  acetylene  with  guaiacol  (in  50  hours  at  150*) 
obtained  under  the  same  conditions  as  for  the  reaction  with  lignin,  was  also  high  -  up  to  191.2%  on  the  weight 
of  the  guaiacol.  If  the  reaction  time  was  decreased  to  30  hours  (under  the  same  conditions)  the  yield  fell  to 
120.8%,  as  compared  with  a  calculated  theoretical  yield  of  120.9%  of  the  monovinyl  ether,  calculated  on  the 
weight  of  guaiacol. 

The  consumption  of  acetylene  in  the  reaction  with  guaiacol  was  higher  than  the  theoretical  (3.0-  3.9 
times)  amount  required  to  give  guaiacol  monovinyl  ether.  This  fact,  and  the  high  yield  of  the  reaction  products, 
indicated  that  side  reactions  of  acetylene  condensation  took  place  during  prolonged  heating  with  5%  alkali  at 
high  temperatures. 

Comparative  data  on  the  yields  and  fractional  compositions  of  the  products  obtained  in  reactions  of  ace¬ 
tylene  with  lignin  and  guaiacol  are  given  in  Table  4. 

Analytical  data  for  separate  fractions  of  the  reaction  products  of  acetylene  and  lignin  confirm  the  findings 
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TABLE  4 

Comparative  Data  on  the  Yields  and  Composition  of  the  Products  Formed  in  Reactions  of  Acety¬ 
lene  with  Lignin  and  with  Guaiacol  under  the  Same  Conditions* 


Product  analyzed* 


Yield 

tdementary  com¬ 
position  {%) 

Content 

in  g 

onorigina] 
lignin  or 
guaiacol 

C 

H 

0 

methoxyl 

groups 

hydroxyl 

groups 

8.0 

100.0 

65.1 

5.6 

29.3 

13.6 

9.6 

17.4 

217.0 

68.5 

7.9 

23.6 

2.7 

3.08 

6.7 

83.0 

70.5 

7.9 

21.6 

3.02 

0.56 

24.1 

300.0 

— 

— 

— 

— 

15.2 

190.0 

72.05 

7.71 

20.24 

1.79 

2.59 

8.9 

j 

110.0 

67.12 

6.73 

26.15 

4.2 

3.4 

12.4 

155.0 

73.2 

7.6 

19.2 

1.7 

2.1 

25.0 

100.0 

67.2 

7.8 

25.0 

24.8 

13.6 

_ 

s 

i 

100.0 

67.7 

6.4 

25.9 

25.0 

13.7 

,  47.9 

.s 

191.2 

76.9 

6.9 

16.2 

3.53 

0.5 

30.3 

120.8 

77.2 

7.0 

15.8 

12.1 

1.4 

- 

120.9 

72.0 

6.7 

21.3 

20.7 

0.0 

130.6 

74.1 

6.2 

19.7 

0.0 

0.0 

Original  lignin  taken  for  experiment, 
precipitated  by  carbon  dioxide  from 
black  liquor  from  sulfate  pulping  c  ’ 
pine  v/ood . . . 

Nonfractionated  reaction  product  of 
lignin  with  acetylene  (50  hours  at 
150*)  isolated  from  lumpy 
mass . . . . 

Nonfractionated  reaction  product  of 
lignin  with  acetylene  (Experiment  3) 

isolated  from  syrupy  liquid . 

Total  )aeld  of  reaction  product  of 

lignin  with  acetylene . 

Ether- soluble  fraction  of  synthetic 
resin  isolated  from  reaction  product 

of  lignin  with  acetylene . 

Alcohol- benzene  fraction  of  syntheti 
resin,  isolated  from  reaction  prod¬ 
ucts  of  lignin  with  acetylene  .... 
Alcohol- soluble  fraction  of  synthetic 
resin  isolated  from  reaction  prc 
of  lignin  with  acetylene  ,  , ,  . 
Original  guaiacol  used  as  model  sub¬ 
stance  . . . 


Ether- soluble  fraction  of  synthetic 


Ether-soluble  fraction  of  synthetic 
resin  isolated  from  reaction  prodi 
of  guaiacol  with  acetylene  (30  he 
at  150*) . 

Percentage  contents  calculated  from 


for  C6H4(0CH=CH2)2 


*  All  the  analytical  results  given  in  the  table  are  averages  of  two  determinations. 
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of  Nikitin  and  Mikhailova  [6J  and  show  that  the  ether-soluble  fraction  had  reacted  more  fully  with  acetylene 
than  the  alcohol- benzene  fraction,  whereas  the  latter  was  closer  to  the  original  lignin  in  elementary  com¬ 
position.  The  results  of  hydroxyl  and  methoxyl  group  determinations  in  individual  fractions  indicate  that  the 
latter  groups  are  intensively  hydrolyzed  during  prolonged  heating  of  lignin  with  alkali  at  high  temperatures. 

On  the  other  hand,  the  substitution  of  free  hydroxyls  in  lignin  is  not  quite  complete.  The  high  carixrn  contents 
of  lx)th  ether- soluble  synthetic  resins  from  lignin  and  acetylene  also  indicate  the  presence  of  condensation 
products  of  acetylene  itself  in  these  substances. 

A  series  of  experiments  on  further  fractionation  of  tfie  products  was  carried  out,  by  repeated  reprecipita¬ 
tion  from  dilute  solutions  in  ether  by  light  ligroine  or  gaseous  ammonia.  The  experiments  showed,  however, 
that  in  this  way  it  is  only  possible  to  separate  the  part  of  the  lignin  which  has  reacted  least  with  acetylene, 
and  which  has  a  relatively  high  methoxyl  group  content. 

Reprecipitation,  by  light  ligroine,  of  the  reaction  products  of  lignin  and  acetylene  from  solution  in 
benzene  gave  a  fraction  containing  2.6«7o  methoxyl  groups  as  compared  with  3.1%  in  the  original  substance. 

The  benzene- insoluble  fraction  contained  4.7%  methoxyl  groups  and  was  closer  to  the  original  lignin  in  ele¬ 
mentary  composition. 

The  ether-soluble  reaction  products  were  fractionated  by  repeated  5- fold  reprecipitation  by  light 
ligroine  (b.p.  40®)  from  ether  solution.  This  gave  a  product  in  very  low  yield  (about  10%  on  the  original  resin), 
both  in  the  case  of  lignin  and  in  the  case  of  guaiacol  (Table  5). 


TABLE  5 

Elementary  Composition  of  Ether- Soluble  Products  Obtained  from  Guaiacol  and  from  Lignin 


Substance 

C  (in  %) 

H  (in  %) 

OCHa  (in  %) 

Original  lignin 

Ether  fraction  of  vinylated  lignin  taken  for  reprecipi- 

66.24 

5.86 

10.6 

ration 

71.65 

6.86 

2.25 

Lignin  product  reprecipitated  3  times 

67.05 

5.7 

3.73 

Lignin  product  reprecipitated  5  times  ( 10%  yield) 

66.85 

6.18 

6.17 

Original  guaiacol 

Ether  fraction  of  vinylated  guaiacol  taken  for  repre- 

67.70 

9.50 

23.2 

cipitation 

72.65 

6.79 

1.2 

Guaiacol  product  reprecipitated  5  times  (10%  yield) 

71.60 

6.45 

5.82 

The  average  molecular  weights  of  the  ether- soluble  vinylation_  products  of  lignin  and  guaiacol  after 
5- fold  reprecipitation  were  determined  by  the  Rast  method,  in  camphor.  The  results  are  given  in  Table  6. 

TABLE  6 


Average  Molecular  Weights  of  Reprecipitated  Ether- Soluble  Reaction  Products  of  Lignin  and 
of  Guaiacol  with  Acetylene 


Substance 

Weight  of 
camphor 

Weight  of 
substance 

Molecular 

depression 

Average 
molecular 
weight  found 

0.0342 

0.0034 

3.0 

1325 

Lignin  product  reprecipitated  5  times 

0.0870 

0.0080 

3.0 

1227 

Guaiacol  product  reprecipitated  5 

0.0494 

0.0040 

3.0 

1079 

times  (resinous  mass) 

0.0710 

0.0042 

2.0 

1110 

0.0434 

0.0026 

2.0 

1198 

Guaiacol  product  reprecipitated  5 

0.0398 

0.0024 

3.5 

689 

times  (liquid) 

0.0512 

0.0030 

3.0 

781 

The  determinations  gave  molecular  weights  from  735  to  1129  for  the  guaiacol  products,  corresponding  to 
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polymeric  products  containing  from  5  to  7  vinylated  guaiacyl  residues.  These  results  suggest  thermal  polymeri¬ 
zation  of  the  vinylation  products. 

Our  aim  in  the  fractionation  was  to  separate  the  side  products  of  condensation  of  the  acetylene  itself  from 
the  resins  formed  from  lignin;  this  proved  extremely  difficult.  The  acetylene  condensation  products  were  solu¬ 
ble  in  the  same  organic  solvents  as  the  resins  formed  from  lignin.  Fractional  separation  of  these  two  types  of 
resins  did  not  give  satisfactory  results. 

Thus,  the  composition  of  the  products  formed  by  the  reaction  of  lignin  with  acetylene  proved  to  be 
extremely  complex.  During  prolonged  heating  with  alkali  at  high  temperatures  lignin  undoubtedly  undergoes 
certain  changes.  In  view  of  the  side  reaction  of  acetylene  condensation  in  these  conditions,  and  of  the  partial 
thermal  polymerization  of  the  synthetic  resins  formed  from  the  lignin,  the  study  of  the  resultant  mixture  is  seen 
to  be  very  complex. 

Experiments  with  a  simpler  model  substance,  guaiacol,  gave  the  following  results.  The  dark  resinous 
liquid  formed  after  50  hours  of  heating  of  acetylene  with  guaiacol  was  distilled  in  steam  in  an  alkaline  medium. 
The  distillate  was  dried  over  calcined  potash  and  distilled  under  vacuum.  The  product  of  distillation  at  112- 
-113*  (at  30  mm  Hg)  was  almost  entirely  composed  of  a  single  fraction  (95.77o)i  with  a  very  small  residue 
(2.1'yo)  in  the  flask.  This  fraction,  which  was  isolated  in  a  series  of  experiments,  proved  to  be  guaiacol  mono¬ 
vinyl  ether,  and  was  obtained  in  a  yield  of  about  56%  of  the  theoretical.  Analysis  of  the  substance  gave  the 

following  results:  b.p.  112-113“  (at  30  mm  Hg),  201-202*  (at  760  mm  Hg);  d^  =  1.06113,  n®  =  1.53423; 

MRd  =43.9856;  CeH4(OCH3)(OCH  =CH2)  calculated  MRj^  =43.833. 

Elementary  analysis  of  guaiacol  monovinyl  ether  gave  the  following  results: 

0.0846  g  substance:  0.2204  g  CO2;  0.0488  g  HgO; 

0.1439  g  substance:  0.3897  g  CO2;  0.0891  g  H2O. 

Found  %:  C  71.05,  70.90,  H  6.46,  6.65. 

Calculated  %:  C  71.95;  H  6.73. 

The  bromine  number  of  guaiacol  monovinyl  ether,  determined  by  the  Knop  method,  was  94.0-96.0  g/100  g, 
approximately  corresponding  to  one  double  bond  per  ether  molecule  (the  calculated  bromine  number  for  guaiacol 
monovinyl  ether  is  106.5  g/ 100  g). 

The  residue  of  the  resinous  liquid,  after  distillation  in  steam,  was  acidified  with  hydrochloric  acid  to  a 
faintly  acid  reaction;  a  thermoplastic  brown  resin  was  precipitated  in  a  yield  of  52.2%  of  the  theoretical  (after 
removal  of  a  small  amount  of  unreacted  guaiacol  by  distillation  in  steam). 

Elementary  analysis  of  this  resin  gave  the  following  results,  calculated  on  the  ashless  substance  (in  %): 

C  75,13,  75.42;  H  6.41,  6.42.  The  average  methoxyl  group  content  of  the  resin  was  4.1%,  and  the  hydroxyl 
group  content  was  3.46%.  The  solubility  of  the  thermoplastic  resin  in  ether  was  81.2%. 

The  presence  of  a  considerable  amount  of  a  resin,  containing  methoxyl  groups  and  free  hydroxyls,  in  the 
reaction  products  of  acetylene  with  guaiacol  evidently  indicates  thermal  polymerization  of  the  vinyl  ether 
during  prolonged  heating  at  high  temperature  in  an  alkaline  medium.  Further,  the  high  content  of  carbon  in 
the  resin  indicated  the  presence  of  condensation  products  of  acetylene  formed  during  its  reaction  with  guaiacol. 
These  condensation  products  of  acetylene  have  a  high  carbon  content  (of  the  order  of  79-81'7J,  as  was  found  in 
special  experiments. 

One  characteristic  of  vinyl  aryl  ethers,  according  to  Shostakovsky,  is  their  tendency  to  thermal  polymeri¬ 
zation  [7].  Thermal  polymerization  of  vinyl  ethers  of  alkylated  phenols  (for  example,  p-tertiary  alkylphenols) 
may  proceed  by  way  of  intermediate  isomerization,  under  suitable  conditions  (in  presence  of  certain  catalysts) 
according  to  the  scheme  [8J  where  R  represents  tertiary  alkyl  groups:  C4,  Cs,  Cg  etc.;  is  between  4  and  6. 
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If  it  is  assumed  that  the  thermal  polymerization  of  guaiacol  vinyl  ether  proceeds  only  partially  in  accord¬ 
ance  with  the  above  scheme,  the  relatively  low  hydroxyl  group  content  of  the  resin  formed  by  vinylation  of 
guaiacol  together  with  the  incomplete  substitution  of  its  hydroxyls  may  also  be  ascribed  to  intermediate  iso¬ 
merization  of  the  vinyl  ether  with  liberation  of  phenolic  hydroxyl. 

Evidence  for  thermal  polymerization  of  "lignin  vinyl  ethers"  is  also  probably  provided  by  the  relatively 
low  bromine  numbers  of  our  reaction  products  of  lignin  with  acetylene.  The  bromine  numbers  varied  between 
94.7  and  136.5  g/ 100  g  for  products  isolated  from  the  syrupy  autoclave  liquid,  and  between  117.7  and  150.4 
g/ 100  g  for  products  isolated  from  the  tarry  residue  on  the  bottom  of  the  autoclave.  It  was  taken  into  consi¬ 
deration  that  bromine  could  be  added  both  directly  to  lignin  and  to  the  condensation  products  of  acetylene  it¬ 
self,  formed  as  an  impurity  during  the  vinylation  reaction.  For  example,  the  bromine  number  of  the  original 
lignin  was  106.1  g/lOO  g,  and  for  the  isolated  products  of  acetylene  condensation,  118.6  g/ 100  g. 

The  experiments  on  the  heating  of  lignin  with  acetylene  and  alkali  showed  that  lignin  reacts  with  acety¬ 
lene  through  its  hydroxyl  groups.  The  considerable  decrease  of  the  total  free  hydroxyl  content  (hydroxyl  groups 
which  could  be  acetylated  by  acetic  anliydride  in  pyridine)  during  the  reaction  of  lignin  with  acetylene  was 
reported  above. 

In  the  final  stage  of  the  investigation  a  series  of  experiments  was  carried  out  on  the  production  of  mold¬ 
ing  compositions  and  coatings  for  metal  and  wood,  based  on  the  synthetic  resins  obtained  by  the  reaction  of 
alkaline  lignin  with  acetylene. 

The  filler  in  the  molding  compositions  was  wood  flour  with  various  additives  (urotropine,  elemental 
sulfur,  etc.).  The  experiments  showed  that  additions  of,  say,  5%  urotropine  or  elemental  sulfur  considerably 
increase  the  hardness  of  the  resin,  decrease  its  solubility  in  organic  solvents,  and  lower  the  pressure  required 
for  molding. 

The  experiments  on  the  production  of  coatings  on  metal  and  wood  showed  that  lacquers  based  on  syn¬ 
thetic  resins  made  from  lignin  yielded  films  of  satisfactory  quality  suitable  for  coatings  on  wood  for  furniture. 


SUMMARY 

1.  Lignin  isolated  from  black  liquors  of  the  sulfate  pulp  industry  or  present  in  solution  in  these  liquors 
reacts  with  acetylene  in  5%  caustic  soda  solution  on  heating  in  an  autoclave  to  150-170“,  to  give  a  high  yield 
(up  to  190%  on  the  weight  of  the  lignin)  of  a  synthetic  resin  soluble  in  ether  and  other  solvents.  This  resin  may 
be  of  practical  importance  for  the  chemical  utilization  of  lignin. 

2.  The  time  of  heating  at  the  reaction  temperature  is  between  30  and  50  hours  with  periodic  introduction 
of  acetylene  from  a  cylinder  at  an  initial  pressure  of  13-14  atm.  With  increased  initial  pressure,  the  reaction 
time  may  be  shortened  by  increasing  the  number  of  times  the  acetylene  is  charged  in. 

3.  If  the  reaction  is  carried  out  between  acetylene  and  lignin  present  in  the  black  liquor  itself,  the  yield 
of  ether- soluble  resins  increases  with  increasing  time  of  sulfate  cooking  and  degree  of  cooking  of  the  resultant 
cellulose. 

4.  The  consumption  of  acetylene  in  this  reaction  is  3-4  times  the  theoretical  amount  calculated  on  the 
weight  of  the  original  lignin.  This  high  consumption  of  acetylene  is  mainly  caused  by  a  side  reaction  of  con¬ 
densation  of  the  acetylene  itself. 

5.  The  reaction  of  lignin  with  acetylene  in  presence  of  aqueous  alkali  at  high  temperatures  is  accom¬ 
panied  by  gradual  hydrolysis  of  the  methoxyl  groups  of  lignin  and  liberation  of  phenolic  hydroxyls,  which 
react  with  acetylene.  This  is  confirmed  by  experiments  on  the  reaction  of  acetylene  with  guaiacol,  used  as  a 
model  substance. 

6.  It  is  shown  that  the  reaction  of  acetylene  with  lignin  is  to  some  extent  analogous,  by  the  consumption 
of  acetylene,  and  the  yield  and  composition  of  the  reaction  products,  to  the  reaction  of  acetylene  with  guaiacol, 
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which  gives  guaiacol  monovinyl  ether. 

7.  It  is  shown  that  the  reaction  of  lignin  with  acetylene  gives  a  synthetic  resin  with  m.p.  60-90",  solu¬ 
ble  in  ether  and  other  solvents,  in  a  high  yield.  After  removal  of  the  solvent  the  resin  forms  brown  films, 
transparent  in  thin  layers  (fairly  strong  if  plasticizers  are  added)  with  good  adhesion  to  glass  and  metal,  and 
suitable  for  coatings  on  wood. 

8.  It  was  found  that  in  the  conditions  for  the  reaction  of  acetylene  with  lignin  on  prolonged  heating  in 
aqueous  alkali  the  acetylene  is  itself  condensed  to  form  thermoplastic  resins. 

9.  The  total  yield  of  side  products  formed  by  thermal  condensation  of  acetylene  increases  with  in¬ 
creasing  temperature  and  time  of  heating  in  aqueous  alkali  solutions.  The  condensation  products  of  the  acety¬ 
lene  itself  do  not  have  any  adverse  effects  on  the  properties  of  the  synthetic  resins  formed  by  the  action  of 
acetylene  on  lignin. 
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THERMAL  DECOMPOSITION  OF  HYDROCARBONS  AND  THEIR 
KNOCKING  POWER  IN  INTERNAL  COMBUSTION  ENGINES 


B.  G.  Gavrilov 


Practical  progress  in  the  control  of  the  combustion  process  in  engines  is  far  ahead  of  the  theoretical 
understanding  of  this  process. 

Knocking  produced  by  hydrocarbon  motor  fuels  has  not  been  finally  explained,  and  all  the  hypotheses 
intended  to  interpret  the  chemistry  of  the  effect  either  have  serious  theoretical  faults  or  leave  a  number  of 
questions  unanswered. 

Knocking  is  generally  assumed  to  be  caused  by  hydrocarbon  peroxides  formed  in  various  ways  in  the 
engine  cylinders,  whdreas  our  knowledge  of  the  selectivity  of  peroxide  formation  from  hydrocarbons  and  the 
subsequent  behavior  of  the  peroxides  is  still  largely  in  the  stage  of  collection  of  data. 

Out  investigations  of  the  thermal  stability  of  paraffin  hydrocarbons  of  the  gasoline  fraction  were  neces¬ 
sary,  since  the  information  available  on  this  subject  in  the  literature  is  highly  contradictory  [1],  with  variations 
of  several  tens  of  degrees  for  the  same  hydrocarbons. 

Our  purpose  was  to  determine  the  initial  decomposition  temperatures  of  hydrocarbons  under  equal  condi¬ 
tions,  comparable  with  conditions  inside  the  engine,  since  such  data  are  lacking  in  the  published  literature. 

The  hydrocarbons  were  passed  through  a  quartz  tube,  the  internal  temperature  of  which  was  measured  by 
means  of  a  thermocouple,  at  equal  rates  (0.14  g/ minute).  The  start  of  decomposition  was  taken  to  be  the 
temperature  at  which  the  hydrogen  number  of  the  product  was  not  less  than  0.2  (Table  1),* 


TABLE  1 

Temperatures  of  the  Start  of  Decomposition  of 
Hydrocarbons 


Data  on  the  temperatures  of  the  start  of  decom¬ 
position  of  hydrocarbons  are  fairly  significant  by  their 
very  nature,  as  thermal  decomposition  of  hydrocarbons, 
i.e.,  disturbance  of  their  molecular  entity,  occurs  abruptly, 
stepwise,  whereas  data  on  the  temperatures  of  the  start 
of  appreciable  oxidation  of  hydrocarbons  [2J,  given  fairly 
frequently  in  the  literature  on  motor  fuels,  are  entirely 
indefinite. 

The  term  "appreciable  oxidation"  is  extremely 
inexact;  moreover,  it  is  evident  that?  oxidation  of  hydro¬ 
carbons  occurs  at  all  temperatures  but  the  reaction  rates 
are  negligible  at  low  temperatures  and  very  high  —  in¬ 
stantaneous  —  at  high  temperatures. 

The  results  of  out  investigations  reveal  a  regular 
decrease  of  thermal  stability  in  the.  homologous  series  of 
normal  hydrocarbons  from  pentane  to  nonane.  All  the  hydrocarbons  of  an  iso  structure  studied  are  thermally 


Hydrocarbons 

Start  of  decomposition 

n 

n- pentane.  .  . . 

270-  275 

n-hexane  . 

230-235 

n- heptane . 

210-215 

n- octane . ;  .  . 

195- 200 

n- nonane  . . 

185-190 

2,2,4-trimethylpentane 

295-300 

3-methylheptane  .  .  . 

210- 215 

2- methyloctane  .... 

200-205 

•The  hydrogen  number  is  the  number  of  cc  of  hydrogen,  reduced  to  standard  conditions,  required  for  hydro¬ 
genation  of  1  mole  of  a  hydrocarbon  with  equal  amounts  of  active  platinum  catalyst,  of  ethanol  solvent,  and 
with  equal  hydrogenation  times. 
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more  stable  than  their  normal  analogs.  Of  the  hydrocarbons  studied,  2,2,4-trimethylpentane  (isooctane)  has 
exceptional  thermal  stability. 


Octane  numbers  (a)  and  temperatures  of  the  start  of  decomposition  (b)  of 
paraffin  hydrocarbons. 

A)  Temperature  of  start  of  decomposition  (in  *),  B)  octane  number.  Hy¬ 
drocarbons:  on  left  -  normal  structure;  on  right  -  iso  structure.  1)  3- 
methyloctane;  2)  3-methylheptane;  3)  2,2,4-trimethylpentane. 

The  relationship  between  octane  numbers  of  hydrocarbons  and  the  temperatures  at  which  they  start  to 
decompose  is  significant  (see  Figure). 

Apart  from  the  octane  numbers,  there  is  a  relationship  between  the  thermal  and  thermodynamic  stability 
of  normal  hydrocarbon  molecules  and  their  isomers.  Thus,  the  lower  values  of  the  free  energy  of  formation 
of  hydrocarbons  of  iso  structure  (as  compared  with  their  normal  analogs)  correspond  to  their  higher  thermody¬ 
namic  stabilities  [3J  (Table  2). 

Another  investigation  was  carried  out  with  the  aim  of  quantitative  determination  of  the  oxidizability  of 
the  Ijydrocarbons  previously  studied,  in  equal,  mild  conditions  which  ensure  preservation  of  the  original 
structure  Ijoth  of  the  hydrocarbons  and  of  their  oxidation  products.  Such  conditions  were  provided  by  the  passage 
of  oxygen  at  a  rate  of  10  ml/ minute  through  the  hydrocarbon  contained  in  a  quartz  test  tube  fitted  with  a 
powerful  reflux  condenser,  the  oxidation  being  sensitized  by  ultraviolet  radiation^  with  the  tube  thermostatically 
controller  at  50“.  The  rate  of  passage  of  the  oxygen,  the  oxidation  time,  and  the  radiation  intensity  were  the 
same  in  each  case  (Table  3). 

TABLE  2 


Free  Energies  of  Formation  of  Hydrocarbons 


Hydrocarbon 

Hydrocarbon 

A2,. 

Methane 

-12.105 

2-methylpentane 

-0.96 

Ethane 

-  7.785 

3-methyIpentane 

-0.29 

Propane 

-  5.614 

2 ,2-dimethylbutane 

-2.35 

n-butane 

-  3.754 

2 ,3-dimethylbutane 

-0.73 

2-methylpropane 

-  4.296 

n-heptane 

2.09 

n-pentane 

-  1.96 

2-methylhexane 

0.98 

2-methylbutane 

-  3.50 

3-methylhexane 

1.10 

2 ,2-dimeiiiylpropane 
n -hexane 

-  3.64 

-  0.05 

2,2-dimethylpentane 

0.09 
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TABLE  3 


Data  on  Quantitative  Oxidizabilities  of  Hydroxcarbons  in  the  Liquid  Phase 


Hydrocarbon 

Boiling 
point  r) 

d20 

4 

„20 

Hydroperox¬ 
ide  oxygen 

_ 

Carboxyl 
oxygen  (o/r) 

Oxygen  in 
alconols  and 
water  (o/c) 

Active  hy¬ 
drogen  (“^c) 

S'!:: 

Q  V 

J5  to 

U  o 

1  V 

E  w 

8^ 
o  o 

n- heptane 

2, 3-  aimethylbutane 

68.5 

0.6609 

1.3750 

0.029 

0.068 

1.856 

1.119 

1.83 

3.77 

58.2 

0.6622 

1.3748 

0.211 

0.489 

2.008 

0.148 

2.06 

4.76 

n-heptane 

98.0 

0.6830 

1.3874 

0.039 

0.117 

3.971 

0.2.53 

0.95 

4.97 

2,-  methylbutane 

89.5 

0.6890 

1.3854 

0.092 

0.268 

4.617 

0.30 

1.31 

6.28 

n- octane 

2,5-  dimethylhexane 

124.5 

0.7022 

1.3970 

0.026 

0.052 

2.873 

0.182 

0.90 

3.90 

109.8 

0.6952 

1.3930 

3.04 

0.321 

2.976 

0.291 

0.40 

6.73 

2, 2,4- trimethylpentane 

99.8 

0.6923 

1.3912 

0.019 

0.046 

1.372 

0.088 

0.14 

1.57 

n- nonane 

149.5 

0.7166 

1.4050 

0.018 

0.074 

1.209 

0.076 

0.40 

1.70 

It  follows  from  these  data  on  the  oxidation  of  hydrocarbons  that,  if  their  molecular  structure  is  not 
previously  disturbed,  most  hydrocarbons  of  iso  structure  have  a  greater  tendency  than  their  normal  analogs  to 
peroxide  formation  and  to  oxidation  generally.  The  only  exception  among  the  hydrocarbons  studied  is  2,2,4" 
trimethylpentane. 

Our  data  are  confirmed  by  the  results  of  investigations  carried  out  in  somewhat  more  harsh  temperature 
conditions  [4].  When  hydrocarbons  of  different  classes  were  oxidized  with  oxygen  in  sealed  tubes  at  120“  for 
4  hours  it  was  found  that  the  degree  of  branching  has  a  positive  effect  on  oxidizability. 

The  great  resistance  of  normal  paraffins  to  oxidation  at  moderate  temperatures  is  characteristic. 

At  120“,  n-decane  has  the  lowest  tendency  of  all  hydrocarbons,  even  aromatic,  to  absorb  oxygen  [5]. 

The  following  general  conclusions  can  be  drawn  from  the  results  of  out  two  investigations.  In  an  internal 
combustion  engine  with  spark  ignition,  considerable  chemical  changes  take  place  in  the  hydrocarbon  composi¬ 
tion  of  the  fuel  in  the  period  preceding  mass  combustion  of  the  fuel.  According  to  the  nature  of  these  changes, 
the  subsequent  combustion  may  either  be  normal  and  smooth,  or  it  may  occur  at  unusually  high  rates,  resulting 
in  the  so-called  knocking. 

It  is  known  that  different  hydrocarbons  have  different  abilities  to  cause  knocking,  i.e.,  they  have  larger 
or  smaller  octane  numbers,  depending  on  whether  their  structure  is  cyclic  or  not,  and  whether  they  are  of  normal 
or  iso  structure. 

Thus,  normal  paraffinic  hydrocarbons  are  much  more  liable  to  cause  knocking  than  their  iso  analogs. 

Olefins  cause  knocking  less  readily  than  the  corresponding  saturated  hydrocarbons,  although  it  is  common  knowl¬ 
edge  that  olefins  and  hydrocarbons  of  iso  structure,  with  tertiary  carbon  atoms,  are  more  easily  oxidized  than  the 
normal  paraffins. 

Polymethylene  hydrocarbons  have  greater  antiknock  properties  than  the  paraffins.  Aromatic  hydrocarbons 
have  the  lowest  knocking  power  of  the  hydrocarbons  in  question. 

It  is  significant  that  the  stability  of  the  molecular  structure  of  the  hydrocarbons  increases  in  the  same 
direction.  For  example,  paraffins  of  iso  structure  in  most  cases  have  more  stable  molecules  tiian  the  normal 
hydrocarbons,  since  the  isomerization  process  itself  renders  the  molecule  more  stable  spatially  and  thermo¬ 
dynamically.  In  isomerization  individual  instances  may  occur  when  hydrogen  atoms  in  close  proximity  may  exert 
a  strong  mutual  influence,  and  the  structural  stability  of  such  hydrocarbons  may  be  diminished  thereby. 

The  presence  of  a  double  bond  in  an  olefin  molecule  also  increases  its  stability,  which  becomes  greater  as 
the  double  bond  moves  nearer  the  center  of  the  molecule. 

Aromatic  hydrocarbons  with  unsaturated  bonds  in  the  ring  are  especially  stable.  The  stability  of  a  given 
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molecular  structure  can  be  characterized  to  some  extent  by  tlie  heats  of  formation  of  elementary  bonds  [6] 
(Table  4). 


TABLE  4 


Heats  of  Formation  of  Elementary  Bonds 


Bond 

Heat  of  bond  for¬ 
mation  (cal  /  mole) 

Bond 

Heat  of  bond  for¬ 
mation  (cal  /  mole) 

H-H 

103.0 

C=C 

123 

c  -c 

161 

aliph  aliph 

71.1 

c=c 

C  “C 

aliph  arom 

79.4 

C  u-H 

aliph 

93.6 

C  —c 

arom  arom 

97.2 

C  -H 

arom 

101.7 

It  should  be  noted  that  the  antiknock  properties  and  the  octane  numbers  increase  with  increasing  molecular 
stability  under  die  action  of  heat. 

The  following  conclusion  can  be  drawn  from  all  the  foregoing.  In  the  modern  carburetor -type  internal  com¬ 
bustion  engine,  with  high  compression,  during  the  period  of  preparation  of  the  fuel  for  mass  combustion  the  pro¬ 
cesses  of  direct  oxidation  of  the  unchanged  hydrocarbon  components  of  the  fuel  are  relatively  negligible. 

The  hydrocarbons  in  the  fuel,  on  entering  the  harsh  temperature  conditions  in  the  cylinder,  when  they  are 
usually  unable  to  retain  their  original  molecular  structure,  undergo  thermal  dissociation,  forming  either  molecular 
fragments  in  the  form  of  unsaturated  compounds  and  radicals,  or  simply  molecules  with  greatly  weakened  internal 
bonds. 


These  breakdown  processes  are  directly  related  to  the  stability  of  the  molecular  structures  of  the  hydrocarbons, 
and  the  extent  of  the  breakdown  depends  on  this  stability. 

Hydrocarbon  molecules  with  lost  or  weakened  internal  bonds  react  particularly  vigorously  with  oxygen  in  the 
combustion  air,  with  predominant  formation  of  compounds  of  the  peroxide  type  during  the  first  stage.  These  reac¬ 
tions,  being  of  the  chain  type,  vigorously  accelerate  the  oxidation  process  and  cause  knocking  when  peroxides  have 
been  formed  in  sufficient  amounts. 

The  high-octane  motor  fuels  now  used  to  suppress  knocking  are  nothing  more  than  substances  of  high  mole¬ 
cular  stability,  such  as  highly  isomerized  saturated  hydrocarbons  (isooctane,  triptane)  or  the  simplest  alkyl  aro¬ 
matics.  The  amounts  of  these  added  run  into  tens  per  cent,  and,  since  they  are  synthetic  substances,  they  greatly 
raise  the  cost  of  the  motor  fuel.  Another  way  of  preventing  knocking  is  by  addition  of  antiknock  compounds, 
added  in  amounts  not  exceeding  some  tenths  of  one  per  cent.  Their  action  depends  on  inhibition  of  the  reaction 
of  peroxide  formation  by  termination  of  the  reaction  chain. 

An  important  task  in  improvement  of  fuel  combustion  in  the  internal  combustion  engine  is  the  search  for 
conditions  in  which  the  combustion  proceeds  at  normal  rate  and  does  not  depend  on  the  hydrocarbon  composition 
of  the  fuel. 

The  main  criteria  of  motor  fuels  should  be  their  calorific  power,  vapor  pressure  and  viscosity,  which  is 
especially  important  for  Diesel  engines. 

This  would  make  it  possible  to  use  far  larger  amounts  of  petroleum  distillates  for  motor  fuels,  and  this 
would  reduce  the  cost  of  the  fuels  and  increase  their  sources. 
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SOME  CHARACTERISTICS*OF  HYDROCARBON  OXIDATION  IN 


THE  LIQUID  PHASE,  INITIATED  BY  METALLIC  SALTS* 

B .  G  .  Fre  id  in 


Leningrad  Scientific  Research  Institute  of  Petroleum  Processing  and 
Synthetic  Liquid  Fuel  Production  (LenNII) 


In  the  oxidation  of  hydrocarbons  in  the  liquid  phase  by  molecular  oxygen,  the  most  usual  catalysts  are 
compounds  of  the  transition  group  metals,  including  their  salts  of  monobasic  organic  acids  (naphthenates , 
stearates,  etc.).  In  the  presence  of  bivalent  manganese  and  cobalt  salts,  changes  in  the  color  of  the  reaction 
medium  have  been  reported  at  the  initial  stages  of  the  process  [1-5],  generally  attributed  to  conversion  of  the 
metals  to  a  higher  valence  state  [3-5], 

Thus,  in  presence  of  Mn  the  medium  changes  from  almost  colorless  to  dark  brown,  and  when  Co  is  used  it 
changes  from  blue  to  dark  green.  The  end  of  the  induction  period  is  associated  with  the  maximum  color.  The 
nature  of  the  substances  spontaneously  formed  in  the  initial  stages  of  oxidation  and  which  are  the  causes  of  the 
colors  described  remains  unknown.  It  was  therefore  of  interest  to  elucidate  their  nature,  in  relation  to  the  search 
for  an  explanation  of  the  peculiar  differences  observed  by  us  in  the  behavior  of  catalysts  in  the  initial  stage  of 
the  reaction. 

Investigations  of  the  initial  stages  of  oxidation  chain  reactions  have  recently  acquired  particular  interest 
in  relation  to  their  predominant  significance,  established  by  the  work  of  Soviet  authors  [1,  2,  5,  6]  for  the  direc¬ 
tions  and  rates  of  the  subsequent  changes. 


EXPERIMENTAL 

Some  data  on  the  duration  of  the  induction  period  of  liquid-phase  oxidation  in  presence  of  bi-  and  trivalent 
metals  of  the  transition  group.  The  laboratory  experiments  on  hydrocarbon  oxidations  were  carried  out  in  a 
molybdenum  glass  column  50  mm  in  diameter,  as  described  by  Tsykovsky  [2].  The  column  was  electrically 
heated.  The  temperature  was  regulated  to  within  ±1°  by  means  of  an  electromagnetic  relay  and  a  contact  thermo¬ 
meter.  The  substance  used  for  oxidation  was  the  Diesel  fraction  of  synthetic  liquid  fuel  (220-330*)  consisting  of 
paraffin  hydrocarbons  of  normal  structure  with  about  20%  isomers. 

The  catalyst,  dissolved  in  synthine,  was  introduced  into  the  medium  heated  to  the  temperature  of  the  ex¬ 
periment,  with  air  bubbled  through  it.  The  start  of  the  reaction  was  indicated  by  coloration  of  Schiff’s  reagent*  * 
through  which  a  part  of  the  exhaust  gas  was  passed  at  a  rate  of  about  0.05  liter/  minute.  It  was  found  in  pre¬ 
liminary  experiments  that  coloration  of  the  reagent,  indicating  presence  of  volatile  aldehydes  in  the  gas,  occurred 
almost  simultaneously  with  the  start  of  rapid  evolution  of  heat  in  the  reaction  zone.  In  the  presence  of  manganese 
and  cobalt  salts,  the  above-mentioned  maximum  color  effects  were  observed  at  this  stage. 


*  Communication  I. 

*  *  The  method  of  using  the  reagent  for  detection  of  volatile  aldehydes  in  the  exhaust  gas  was  developed  in  our 
laboratory  by  E.  M,  Nebylova. 
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Comparative  data  on  the  oxidation  of  syntliine  in  presence  of  the  naphtlienales  of  bivalent  manganese  and 
trivalent  chromium  are  given  in  Table  1.  The  known  methods  [7J  were  used  for  analysis  of  the  oxidation  prod¬ 
ucts  in  order  to  study  the  reaction  rates  of  formation  of  synthetic  acids. 

Examination  of  the  data  in  Table  1  leads  to  the  conclusion  that  the  rates  of  reactions  initiated  by  chromium 
and  manganese  naphthenates,  of  equivalent  (metal)  concentrations,  are  similar  in  the  experimental  conditions 
used.  The  duration  of  the  induction  period  cannot  be  correlated  with  the  rate  of  the  reaction  which  subsequently 
develops.  In  the  experiments  on  oxidation  in  presence  of  chromium  salts  the  induction  period  was  very  short, 
whereas  in  presence  of  manganese  naphthenate  it  was  quite  pronounced. 

In  these  experiments  an  increase  of  the  concentration  of  the  manganese  catalyst,  despite  the  resultant 
increase  of  the  induction  period,  produced  an  increase  in  the  subsequent  reaction  rate.  In  the  presence  of 
chromium  no  increase  of  the  induction  period  with  increasing  concentration  was  observed. 

A  relatively  short  induction  period  was  found  in  other  experiments,  with  Fe®'*’  naphthenate  used  to  initiate 
the  oxidation,  this  substance  is  not  used  in  the  synthesis  of  the  higher  fatty  acids  because  of  the  tar  formation 
catalyzed  by  iron.  On  the  other  hand,  there  is  a  well-defined  induction  period  when  bivalent  cobalt  salts  are 
used. 

Coloration  of  Mn  and  Co  catalysts  at  the  end  of  the  induction  period  of  oxidation.  As  already  stated,  it 
is  known  that  during  the  conversions  taking  place  during  the  iixluction  period  of  hydrocarbon  oxidation  bivalent 
Mn  and  Co  pass  into  the  higher,  trivalent  state.  It  was  therefore  of  interest  to  compare  the  absorption  spectra  of 
reaction  media  containing  Mn  and  Co  in  samples  corresponding  to  the  time  at  which  the  oxidation  reaction 
begins  to  develop,  with  spectra  of  organic  salts  of  these  metals  in  the  trivalent  state. 

Mn  benzoate  was  prepared  by  the  method  described  by  Weinland  and  Fischer  [8J,  by  oxidation  of  Mn 
benzoate  in  alcoholic  solution  with  dry  KMn04  on  heating.  The  absorption  spectra  of  Mn®  benzoate  and  of 
manganese  naphthenate  in  synthine  at  the  end  of  the  induction  period,  for  the  visible  region  of  the  spectrum,  are 
shown  in  qualitative  form  in  Figure  1.  It  is  seen  that  the  absorption  maxima  (480-490  m/i)  and  minima  (450- 
460  mii)  for  the  two  substances  coincide  very  closely.  With  the  same  object  in  view,  Co®  acetylacetonate 
was  prepared  by  Barbieri's  method  [9],  based  on  decomposition  of  C0SO4  by  sodium  bicarbonate  in  presence  of 
acetylacetone  and  hydrogen  peroxide.  An  analogous  method  is  suitable  for  the  production  of  a  green  cobaltiacetatc 
solution  by  the  action  of  NaHCO^  on  aqueous  Co(CH3COO)2  solution  in  presence  of  H2QJ,  Comparison  of  the 
absorption  spectra,  shown  in  Figure  2,  of  these  substances  and  of  cobalt  stearate  in  hydrocarbon  samples  taken  at 
the  end  of  the  induction  period  also  indicates  that  the  absorption  maxima  (590-600  m/i)  and  minima  (500-530  m/i) 
are  close  together.  As  is  known,  trivalent  metals  of  the  transition  group  form  multinucleate  complex  compounds 
with  monobasic  organic  acids,  while  acetylacetonates  belong  to  the  class  of  inner  complex  salts  [lOJ.  The 
similarity  of  the  absorption  spectra  of  reaction  media  containing  manganese  and  cobalt  to  the  spectra  of  the 
individual  compounds  suggested  a  complex  structure  for  their  compounds,  this  was  reported  earlier  in  the  case  of 
the  cobalt  ion  [4]. 

Investigation  of  the  cobalt  compound  formed  during  the  induction  period.  There  is  no  method  known  for 
isolation,  in  unchanged  form,  of  salts  of  fatty  acids  from  high-boiling  hydrocarbons.  We  found  in  the  oxidation 
of  hydrocarbons  in  presence  of  cobalt  stearate  at  high  concentrations  that  part  of  the  intermediate  green  cobalt 
compound  is  precipitated  as  a  powder  when  a  sample  taken  at  the  end  of  the  induction  period  is  cooled.  Such  a 
precipitate  was  obtained  by  oxidation  of  dearomatized  kerosene  in  a  semiworks  unit.  The  oxidatiori  was  carried 
out  in  a  stainless  steel  column  of  the  type  described  by  Tsyskovsky  [2j,200  mm  in  diameter,  at  110“  with  an  air 
feed  rate  of  10  m®/hour  in  presence  of  l.GP}o  cobalt  stearate. 

In  Table  2,  analytical  data  for  the  substance  formed  are  compared  with  data  for  the  original  cobalt  stearate 
and  the  hydrocarbon- insoluble  compound  of  bivalent  cobalt  with  the  synthetic  acids  formed  during  the  subsequent 
reaction.  The  metal  content  was  determined  by  combustion  of  a  weighed  sample  to  C03O4,  carbon  and  hydrogen 
were  determined  by  the  ordinary  organic  elementary  analysis  methods,  and  oxygen  was  found  by  difference.  The 
identification  of  stearic  acid  in  the  substance,  its  high  molecular  weight,  the  similarity  of  its  absorption  spectrum 
to  the  spectra  of  trivalent  cobalt  compounds  (Figure  2),  and  elementary  analysis  data  show  that  the  substance  be¬ 
longs  to  the  class  of  multinucleate  complex  compounds  of  trivalent  metals  with  monobasic  organic  acids,  similar 
to  the  chromium  and  iron  salts  studied  in  detail  by  Weinland  [11]  and  Werner  [12], 
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TABLE  1 

Comparative  Data  on  the  Synthesis  of  Acids  from  Synthine  in  Presence  of  Chromium  and 
Manganese  Naphthenates 


O 

Catalyst  con¬ 
centration 
(in  g- atoms 
metal  per 

100  g  syn¬ 
thine) 

V 

tJO 

Air  rate  (liters/ 
min  ) 

Duration  of 
reaction  (min 

Analytical  data  for 
oxidized  synthine 

Catalyst 

d 

w 

M 

8. 

B 

<o 

«3 

o 

s 

OT  w 

before  end 

of  induction 

period 

after  end  of 

induction 

oeriod 

g  bO 

3  § 

ester  numbei 
(rng/gKOH) 

saponifica¬ 

tion  number 
(mg/gKOH) 

O 

3  § 

IJapthenate ; 
Mn*^ 

6.6  •  10-* 

400 

8 

36 

390 

28.6 

35.2 

63.7 

10.1 

Mr*+ 

120 

18.0  •  10-* 

400 

8 

76 

890 

29.8 

39.4 

69.3 

13.3 

Cr»! 

120 

6.6  .  10-* 

400 

8 

3—6 

390 

26.2 

34.6 

60.7 

10.0 

120 

18.0 . 10-* 

400 

8 

3—6 

390 

29.3 

43.3 

72.6 

14.6 

Mn*^ 

130 

6.3  •  10-* 

400 

8 

8—12 

240 

39.2 

48.0 

87.2 

13.35 

Mn*"*^ 

130 

12.6  •  10-* 

400 

8 

20 

240 

44.0 

64.6 

98.6 

16.7 

CrS^ 

130 

6.3  .  10-* 

400 

8 

3—6 

240 

41.1 

54.8 

95.9 

18.7 

D 


Fig.  1.  Absorption  spectra  of  manganese 
compounds. 

1)  Manganese  benzoate  in  benzene, 

2)  manganese  naphthenate  at  the  end  of 
the  induction  period  in  synthine. 


Fig.  2.  Absorption  spectra  of  cobalt  com 
pounds. 

1)  Cobaltiacetate  (aqueous  solution), 

2)  cobalt  acetylacetonate  (in  pentane), 

3)  cobalt  stearate  at  the  end  of  the  in¬ 
duction  period  in  kerosene. 


Compounds  of  similar  structure,  containing  three  metal  atoms  and  six  or  less  organic  acid  residues  to¬ 
gether  with  hydroxo  and  aquo  groups  in  the  inner  complex  are  also  known  for  trivalent  manganese  [8]  and  cobalt 

[12j.  The  commonest  complex  is  of  the  type  [Me3^^^(Ac)6(OH)2JAc,  where  Ac  is  a  monobasic  organic  acid 
radical.  Hydrolysis  of  such  compounds  under  the  action  of  water  (or  NaOH)  may  result  in  stepwise  replacement 
of  the  acid  residues  in  the  inner  complex  by  hydroxo  groups  [11,  13].  It  seems  possible  that  our  compound,  with 
the  probable  [C03(Ci8H3502)4(0H)4](Ci8H3502),  formula,  is  the  result  of  such  substitution,  which  ultimately  leads 
to  hydrolysis  to  the  hydroxide. 

Conditions  for  acceleration  of  the  Me  ->  Me  .  Qualitative  experiments  were  carried  out  on  the  oxida 
2  2 

tion  ot  Mn  and  Co  stearates  in  benzene  solution,  by  hydrogen  peroxide.  When  the  solutions  were  heated  in 
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Analytical  Data  for  Cobalt  Compounds 
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synthetic  acids  isolated  from  the  same  sample  was  201..4). 
•  •  ‘Partially  soluble  in  water. 


in  test  tubes  (1.5  ml  of  saturated  stearate  solution  in  benzene  +  a  few  drops  of  10%  HjC^)  to  tlie  decomposition 
temperature  of  HjO^,  the  color  of  the  benzene  layer  changed  slowly,  corresponding  to  tlie  formation  of  trivalent 
compounds  of  the  metals.  Additions  of  a  few  drops  of  an  aldehyde  (enaiithic),  a  ketone  (cyclohexanone),  an 
ester  (octyl  acetate),  or  a  higher  acid  (oleic  acid)  did  not  appreciably  affect  tlie  oxidation  rate.  However,  a 
practically  instantaneous  coloration  with  hydrogen  peroxide  was  observed  in  presence  of  alcohols;  methyl,  ethyl, 
carpyl,  and  cetyl  •  . 

According  to  available  literature  data  [8j,  alcohols,  including  ethyl  alcohol,  can  form  part  of  multi- 
nucleate  manganese  compounds  and  increase  their  stability  considerably. 

The  influence  of  alcohols  on  the  formation  rate  of  the  multinucleate  complex  and  the  duration  of  the 
induction  period  were  investigated  for  the  oxidation  of  n-tetradecane.  300  g  of  tetradecanc  was  oxidized  in 
presence  of  0.3%  Mn  stearate  at  14(f ,  with  air  bubbled  through  at  8  liters/ minute,  in  a  column  45  mm  in  dia¬ 
meter,  The  induction  period  lasted  75  minutes.  In  oxidation  under  the  same  conditions  but  with  addition  of  2  g 
cetyl  alcohol  the  induction  period  was  ~5  minutes. 

It  may  be  presumed  that  the  formation  of  a  certain  amount  of  alcohols  during  the  induction  period  acceler¬ 
ates  the  formation  of  the  multinucleate  complex,  the  reaction  which  apparently  determines  the  end  of  the  induc¬ 
tion  period  in  liquid -phase  oxidation  if  salts  of  bivalent  metals  are  added  as  initiators. 


DISCUSSION  OF  RESULTS 

According  to  tlie  most  thoroughly  substantiated  mechanism  given  in  the  literature,  the  chain  reaction  of 
liquid-phase  oxidation  of  hydrocarbons  conforms  to  the  following  equations  [14] 


RH  4-0=0->  R  •  +  HO2  • 

—  primary  initiation 

(1) 

R  •  O2  — >  RO2  •  1 

i  —chain  growth 

(  (2) 

R02*  4-RH->ROOH  +  R  J 

1  ® 

1  (3) 

ROOH ->-RO  •  +  •  OH 

1 

f  (4) 

RO  .  +RH->R  •  +ROH 

>  — degenerate  branching 

(5) 

R  H  4-  •  OH  R  •  -}-  HgO 

) 

i  (6) 

where  RH  is  the  hydrocarbon.  According  to  this  scheme,  the  primary  reaction  products  are  hydroperoxides,  alco¬ 
hols,  and  water.  It  is  known  [4]  that  hydroperoxides  react  with  ions  of  the  transition  metals  according  to  the 
equations: 

ROOH  4-  Me2+->  RO  •  +  OH-  -f  Me»+ 

ROOH  -f  Me3+  ROa  •  -f  H+  +  Me2+. 

According  to  Tsyskovsky’s  colorimetric  observations,  the  intensification  of  color  during  the  oxidation  of 
hydrocarbons  in  presence  of  Mn^  naphthenate  [1,  2J  occurs  suddenly  after  a  considerable  interval  during  which 
the  color  of  the  reaction  medium  remains  almost  unchanged. 

It  may  be  presumed  that  the  first  stage,  which  subsequently  causes  sharp  acceleration  of  Reaction  (7),  is 
formation  of  hydroperoxides  and  alcohols  according  to  Equations  (3)  and  (5).  The  reaction  of  multinucleate 
cation  formation  can  tlien  be  represented  as; 

3Me»+  -f-  6Ac-  +  2  •  OH  — ”  []VIeni(Ac)6(OH),l+. 

This  means  that  rapid  formation  of  the  multinucleate  cation  occurs  as  the  result  of  initiation  of  branching  accord¬ 
ing  to  Equations  (4),  (5),  and  (6),  owing  to  interaction  of  the  bivalent  metal  with  the  hydroperoxide,  and  this  in 
turn  leads  to  formation  of  alcohols  and  OH  radicals  which  take  part  in  tlie  reaction  of  complex  formation.  The 
principal  role  in  the  initiation  of  the  developed  oxidation  reaction  is  evidently  played  by  metals  in  the  higher 
valence  state.  This  follows  from  the  fact  that  the  induction  period  ends  at  the  instant  of  maximum  color 


♦Transition  of  metals  to  higher  valence  states  is  accelerated  in  presence  of  alcohols  also  if  hydroperoxides, 
including  isopropylbenzene  hydroperoxide,  are  used  as  oxidizing  agents. 
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development,  associated  with  the  highest  concentration  of  trivalent  metals,  and  also  from  comparisons  of  the 
induction  period  when  metals  in  different  valence  states  are  used.  The  highest  valence  state  of  metals  bound 
in  complex  ions  is  stabilized,  as  compared  with  the  free  ions  [10],  The  oxidizing  action  of  Co®  most  likely 
appears  after  destruction  of  the  multinucleate  cation  under  the  action  of  the  autoxidation  reaction  products  as 
the  result  of  possible  substitutions: 

[Me5“(Ac)fl(OH)2]Ae  +  •  OH  -►  [MeJ“(Ac)6(OH)3]  Ac  -  Ac-* 

[Me^^^(Ac)e(OH)3]  Ac  +  •  OH  [Me5”(Ac)4(OH)4]  Ac  Ac-etc. 

The  ultimate  rupture  of  the  bonds  in  the  multinucleate  cation  leads  to  a  sharp  increase  in  the  concentration  of 
ions  of  the  metal  in  the  higher  valence  state  and  correspondingly  of  the  number  of  active  centers  of  the  chain 
reaction. 

Qi  the  foregoing  considerations,  the  observed  prolongation  of  the  induction  period  with  increased  content 
of  bivalent  metal  in  the  reaction  zone  may  be  attributed  to  the  following  inevitable  sequence  of  processes  at 
the  start  of  oxidation,  1)  primary  initiation,  the  necessary  duration  of  which  increases  owing  to  the  larger  re¬ 
quirements  of  primary  oxidation  products  (hydroperoxides  and  alcohols)  for  complex  formation,  2)  the  reaction 
of  complex  formation,  3)  breakdown  of  the  complex  with  formation  of  fragments  —  ions  or  radicals  which 
initiate  the  developing  oxidation  reaction. 

SUMMARY 

When  salts  of  transition  metals  and  monobasic  organic  acids  are  introduced  as  initiators  into  the  liquid 
phase  under  the  conditions  used  for  the  synthesis  of  fatty  acids,  the  following  is  found:  a)  the  induction  period 
is  considerably  longer  with  the  use  of  bivalent  metals  (Mn)  than  with  trivalent  (Cr),  b)  the  induction  period  in¬ 
creases  with  increasing  contents  of  bivalent  metal  (within  the  limits  investigated),  c)  the  absorption  spectra  of 
the  metallic  compounds  in  the  higher  valence  states,  formed  during  the  induction  period,  correspond  to  the 
absorption  spectra  of  known  organic  complex  salts  of  these  metals,  d)  analysis  of  cobalt  stearate  modified 
during  the  induction  period  of  the  oxidation  of  kerosene  indicates  that  it  has  the  structure  of  a  partially  hydro¬ 
lyzed  multinucleate  complex  compound,  e)  the  presence  of  alcohols  accelerates  the  transition  of  die  metals 
into  higher  valence  states, 

A  considerable  proportion  of  these  experiments  was  planned  by  the  author  jointly  with  V.  K.  Tsyskovsky, 
to  whom  due  acknowledgement  is  made. 

The  author  is  deeply  grateful  to  A.  A.  Grinberg  and  V.  V.  Voevodsky  for  a  number  of  valuable  hints. 


LITERATURE  CITED 

[1]  V,  K.  Tsyskovsky  and  N,  A.  Kiseleva,  J.  Appl.  Chem.  23,  1001  (1950). 

[2]  V.  K.  Tsyskovsky,  Production  of  Synthetic  Acids  by  Oxidation  of  Kerosene  Fractions  (State  Fuel  Tech. 
Press,  Leningrad,  1954).* 

[3]  J.  P,  Wibaut,  A.  Strong,  Proc,  Kon,  Neder.  Akad.  Weten,  54  B,  102  (1951), 

[4]  C.  Bawn,  A,  Pennington,  C.  Tipper,  Disc.  Faraday  Soc,  10,  282  (1951). 

[5]  D.  G,  Knorre,  Z.  K,  Maizus,  and  N.  M,  Emanuel,  Proc.  Acad.  Sci,  USSR  99,  415  (1954),  101,  895 
(1955),  J.  Phys.  Chem.  29,  710  (1955). 

[6]  N,  M.  Emanuel,  Sci,  Mem.  Moscow  State  Univ.  174,  101  (1955). 

[7J  V.  Semenova,  in  coll.  Oxidation  of  Petroleum  Hydrocarbons,  edited  by  V.  S.  Varlamov  (Food  Ind, 
Press,  1937)  p.  93.* 

[8]  R.  F.  Weinland,  G.  Fischer,  Z.  anorg.  Ch.,  120,  161  (1922). 

[9]  G.  A.  Barbieri,  Atti,  Line.,  6,  7,  752  (1928). 

[lOJ  A.  A.  Grinberg,  Litroduction  to  the  Chemistry  of  Complex  Compounds  (Goskhimizdat,  1951),* 

*  In  Russian. 


813 


[11]  R.  F.  Weinland,  Ber.,  41,  3236  (1908),  R.  F.  Weinland,  E.  Gubman,  Z.  anorg.  Ch,,  66,  157  (1910). 

[12]  A.  Werner,  Ber.  41,  3447  (1908). 

[13]  C.  Shall,  Ch.  Tieme- Wiedmarckter,  Z.  Elektroch.,  35,  6,  337  (1929). 

[14]  N.  N.  Semenov,  Certain  Problems  of  Chemical  Kinetics  and  Reactivity  (Izd.  AN  SSSR,  1954).  * 

Received  January  19,  1956 


•  In  Russian. 


814 


STUDYOF  THE  ACTIVITY  OF  CHLORINE  IN  8--CHLORO  ETHERS  AND 
A  NEW  METHOD  FOR  PREPARATION  OF  a  -  S  U  BST  IT  UTE  D  VINYL  ETHERS 

AND  ALIPHATIC  KETONES* 

V.  I.  Isagulyants  and  I.  S.  Ma k s i m o v a 


The  0-halogenated  ethers  form  a  class  of  organic  compounds  which  has  been  studied  relatively  little. 
Several  papers  on  the  synthesis  of  these  compounds  are  known  [1-3J. 

The  first  more  or  less  full  investigation  of  the  synthesis  of  g-halogenated  ethers,  with  a  study  of  some  of 
their  chemical  properties,  was  carried  out  by  Likhosherstov,  Petrov,  and  Sklyarov  [4-6J,  on  the  basis  of  a- buty¬ 
lene. 

In  later  investigations  [7,  8J  several  s-chloro  ethers  were  synthesized  from  butylenes  and  amylenes 
obtained  by  cracking  of  crude  oil. 

The  chemical  properties  of  0-halogenated  ethers  have  been  studied  very  little.  It  has  been  reported 
[9J  that  the  chlorine  atom  in  the  fl -position  relative  to  the  alkoxy  group  is  inactive,  and  it  has  been  shown  that 
chlorfne  in  8-chloro  ethers  is  not  saponified  on  heating  with  alkali  and  HCl  is  not  split  off  on  heating  with 
alcoholic  alkali. 

When  a  g-chloro  ether  was  heated  for  a  long  time  with  solid  caustic,  only  small  amounts  of  HCl  were 
split  off. 

Dichloroalkyl  vinyl  ethers  of  the  general  formula: 


CHa— GH— OR 


have  been  synthesized  [10 J  and  their  general  properties  studied. 

An  interesting  feature  of  this  class  of  chloro  ethers  is  that  the  activity  of  the  chlorine  atoms  differs  sharply 
according  to  their  position  relative  to  alkoxyl  group.  While  the  chlorine  atom  in  the  a  -  position  is  extremely 
active,  readily  enters  into  exchange  reactions,  and  can  be  split  off  as  hydrogen  chloride,  the  chlorine  atom* in 
the  8  -position  is  inert. 

Under  the  action  of  alcoholic  alkali,  dry  caustic  potash,  metallic  sodium,  and  ammonia,  in  all  cases 
only  the  chlorine  in  the  a  -  position  reacts,  while  the  chlorine  in  the  8  -position  remains  untouched. 

However,  it  is  reported  by  Shvaleu  and  Boord  [llj**that,  despite  the  existing  opinion  that  halogen  atoms 
in  8"halogenated  ethers  are  inactive  in  comparison  with  halogens  in  a- ethers,  they  succeeded  in  bringing 
about  certain  chemical  reactions  of  S"chloro  ethers. 

The  8 -chloro  ethers  react,  although  with  difficulty,  with  malonic  ester,  with  phenates  by  the  Williamson 
reaction,  and  with  aniline.  The  reaction  yields  are  very  low. 

Iodine  and  bromine  atoms  in  8“iodo  and  8“btomo  ethers  are  considerably  more  mobile.  For  example, 
Petrov  [12J  was  able  to  split  off  HI  from  8-iodo  ethers  which  he  synthesized,  and  obtained  substituted  vinyl  ethers, 

•  Communication  I  on  the  synthesis  and  conversion  of  fl -chloro  ethers  obtained  from  cracking  olefins. 

•  •As  in  original.  Probably  C.  E.  Boord.  See  footnote  at  end  of  paper—  Publisher’s  note. 
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Boord  [13J ‘obtained  hydrocarbons  of  different  structures  from  0-bromo  ethers  by  way  of  organomag- 
nesium  compounds. 

Other  examples  of  the  use  of  0-bromo  and  iodo  ethers  for  the  synthesis  of  various  organic  compounds  are 
given  in  the  literature. 

It  follows  from  the  above  literature  data  that,  in  0-halogenated  ethers,  bromine  and  iodine  atoms  are 
fairly  mobile,  whereas  chlorine  atoms  have  low  mobility  under  normal  conditions. 

However,  we  were  of  the  opinion  that  the  mobility  of  chlorine  could  be  modified  by  changes  of  the 
conditions.  Some  chemical  reactions  of  0-chloro  ethers  are  described  in  this  paper. 

Earlier  publications  [7,  8]  give  descriptions  of  several  0-chloro  ethers  obtained  from  the  pentane- amy- 
lene  and  butane- butylene  fractions  of  petroleum  cracking  by  the  alkali  method  according. to  the  equation: 


R-OH+Clg-l-NaOH  NaCl+HaO+ROGl 
>C=G<  +  ROGl  ->  G-G< 

OR  Cl 

A  disadvantage  of  this  method  is  the  formation  of  dichlorides  as  side  products;  these  are  rather  difficult 
to  separate  from  the  chloro  ethers.  To  obtain  purer  products,  we  used  another  method  of  synthesis,  namely  the 
sulfonamide  method  [6,  14j.  The  synthesis  occurs  according  to  the  scheme: 


R-OH  fGcH,r,S02NGl2  ~>  ROCl+GeHsSOaNHGl 

RGH=(’H.H  ROGl  -V  GlGHg— CH— R 

I 

OR 


The  experiments  on  chlorine  activity  were  carried  out  with  2-butoxy-l-chloropentane  and  2-methoxy-l- 
chloropentane. 

One  method  for  studying  the  activity  ofthe  halogen  in0 -chloro  ethers  is  based  on  their  behavior  with 
alkalies.  A  series  of  experiments  was  carried  out  for  this  purpose:  l)  removal  of  HCl  by  means  of  alcoholic 
alkali;  2)  removal  of  HCl  by  the  action  of  alkali  in  toluene;  3)  removal  of  HCl  by  heating  with  solid  caustic 
soda,  in  the  liquid  and  vapor  phases.  In  all  the  experiments  in  which  0-chloro  ethers  were  treated  with  alkali 
under  heat  at  atmospheric  pressure  the  chlorine  in  0-chloro  ethers  proved  to  be  inactive  and  after  the  action 
of  alkali  the  0-chloro  ethers  were  obtained  almost  completely  unchanged. 

Because  of  these  negative  results,  we  changed  the  reaction  conditions  and  carried  out  the  reaction  in 
more  severe  conditions.  The  next  series  of  experiments  was  carried  out  with  the  use  of  sealed  thick- walled 
tubes  made  of  molybdenum  glass.  The  action  of  alkali  in  methyl  and  ethyl  alcohol  solutions  in  the  80- 140* 
temperature  range  was  investigated.  In  these  conditions  the  conversion  of  the  orginal  0-chloro  ether  reached 

To  obtain  higher  temperaturey,  a  series  of  experiments  was  carried  out  in  a  small  enameled  autoclave  at 

200-  280*  and  10-20  atm  abs.  96.7<7o  of  the  original  ether  was  converted.  As  was  to  be  expected,  in  these  severe 
conditions  HCl  is  split  off: 


GH3GH2GH2GH— GHaGl  — GH3GH2GH2-G=GH2-fKGl+H20. 

^  I  ^  alcohol  3  2  2  I  2T^ 

OGH3  solution  OGH3 

Fractionation  of  the  reaction  products  gave  a- propyl  vinyl  ether  with  the  following  characteristics: 


*  As  in  original.  See  footnote  at  end  of  paper- Publisher’s  note. 
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M 

MR 

Bromine  number 

Boiling  point 

"d 

d» 

4 

calculated 

found 

calculated 

found 

calculated 

found 

85-86 

1.402G 

0.8049 

100 

98.84 

31.08 

30.25 

160 

154.05 

The  yield  of  the  ether  was  60-  85^0  theoretical. 

The  strueture  of  a- propyl  vinyl  ether  was  confirmed  by  hydrolysis,  and  identification  of  the  ketone  as 
the  2,4-dinitrophenylhydrazone 

CH3CH2CH2— C=GH2  GH3GH2GH2C-CH3+GH3OH. 

“  "  I  HjS04  II 

OGH3  0 

Relatively  little  is  known  about  the  substituted  vinyl  ethers.  Some  representatives  of  this  class  of  vinyl  ethers 
were  prepared  by  Shostakovsky  [15j  by  the  action  of  alcohols  on  methylacetylene  in  presence  of  caustic  soda; 

gh30=ch+ro«  gh2*g-or 

R 

Isagulyants  [16J  prepared  ot,S  -substituted  aryl  alkyl  ethers  by  the  action  of  alkoxides  on  aryl  chloro- 

butenes; 


ArGH2-GH=G-Gl+RONa  NaGl+ArGH2GH=G-OR 

I  I 

GH3  GH3 

In  Petrov's  paper  [12j  a  description  is  given  of  the  synthesis  of  a,S  -substituted  vinyl  ethers  by  the 
action  of  alcoholic  potash  or  alkoxides  on  fl-  iodohydrins  of  a- butylene: 


GH3-GH~GH-GH3  — “  GH3GH=G-GH3 
I  OR  OR 

However,  the  removal  of  HCl  from  fl-chloro  ethers  is  not  described  in  the  literature;  it  is  described 
here  for  the  first  time  as  a  new  and  simple  method  for  the  preparation  of  substituted  vinyl  ethers  and  the  cor¬ 
responding  ketones. 


EXPERIMENTAL 

Synthesis  of  the  methyl  ether  of  g-amylene.  A  narrow  fraction  boiling  in  the  35-42",  rich  in  amy- 
lenes,  was  taken  from  the  refinery  pentane- amylene  fraction.  Amylenes  of  iso  structure  were  removed  from 
this  fraction  by  treatment  with  hydrochloric  acid  (sp.gr,  1,19),  and  the  fraction  containing  a-  and  3- amylenes 
was  used  for  the  synthesis. 

The  iodine  number  of  the  fraction  was  84.33<7o,  with  23,2fo  unsaturated  compound  content. 

N-  dichlorobenzenesulfonamide  was  prepared  from  commercial  N-chlorobenzenesulfonamide  (chloro- 
amine,  B).  Chlorine  was  passed  to  saturation  into  an  aqueous  suspension  of  chloramine.  The  dichloro  compound 
was  filtered  off  under  vacuum,  dried  in  air,  and  stored  in  a  dark  bottle. 

The  synthesis  of  the  ether  was  carried  out  as  follows.  Into  a  thick-  walled  five-liter  flask  there  were 
put  2  liters  of  the  pentane- amylene  fraction  and  800  ml  of  methyl  alcohol.  The  reaction  mixture  was  cooled 
to --5  to  “8",  and  770  g  of  the  dichloro  compound  was  added  with  mechanical  shaking.  At  the  end  of  the  reac¬ 
tion  the  unreacted  hydrocarbons  were  distilled  off,  and  the  residue  was  distilled  in  steam.  The  upper  layer  was 
separated  off,  dried,  and  fractionated.  The  135-145*  fraction  was  treated  with  lOcji,  alcoholic  alkali  to  decom¬ 
pose  dichlorides,  washed  with  water,  and  fractionally  distilled. 

The  fraction  boiling  at  140-143",  in  450  g  yield  (84:^0  of  theoretical)  was  isolated;  its  constants  (b.p. 
14(>“143*,  dl®  0.9720,  n^  1.4290)  corresponded  with  the  fl-chioro  ether,  2-methoxy-l-chloropentane. 
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Determination  of  molecular  weight. 


0.3054  g  subst.  ;  16.7868  g  benzene  ;  Ai  0.683; 
0.2920 g  subst.;  16.6906  g  benzene  ;  M  0.653. 

Found  M  136.3,  136.72;  Calculated  ^^sr  136.15. 
Found  MR  36.285;  Calculated  MR  36.548. 


Microanalysis  data: 


4.94  mg  9.49  mg  GOj*,  4.19  mg  HgO. 

4.61  mg  8.83  mg  COg;  3.86  mg  H2O. 

Found  G  52.42,  52.27;  H  9.49,  9.37. 

Calculated  ”/o*  ^  52.74;  H  2.52. 


Determination  of  chlorine: 


43.93  mg  subst. 


Found  Cl  26.40. 


CjHi3(X;1.  Calculated  cyj,:  Cl  25.9. 


The  yield  of  ether  was  84yo  of  the  theoretically  calculated. 


Removal  of  HCl  by  means  of  alcoholic  alkali.  For  these  experiments  2-butoxy-l-chloropentane, 


with  the  following  constants:  b.p.  19T 

-193°, 

"D 

1.4310, 

d*  0.9237,  was  used. 

Analytical  data; 

Found 

%: 

G 

60.71; 

H  10.77;  Gl' 

20.02.  M  181.5; 

MR  50.301. 

GgHjgOGl.  Calculated 

C 

60 

1.50;  H 

10.64:  Gl' 

19.88.  M  178.5; 

MR  56.272. 

Into  a  small  round- bottomed  flask  fitted  with  a  reflux  condenser  were  put  20  g  of  l-butoxy-2-chloro- 
pentane  and  30  g  KOH  in  100  ml  of  ethyl  alcohol.  The  mixture  was  heated  at  the  boil  for  4  hours  with  periodic 
shaking;  the  mixture  was  then  washed  with  water  in  a  separating  funnel,  dried,  and  fractionated  under  vacuum. 
The  yield  was  16  g  of  a  fraction  with  b.p.  85-97°,  n^  1.4308. 

Determination  of  molecular  weight  (at  13-14  mm); 

0.3662  g  subst.:  17.9514  g  benzene;  M  0.625.  K  benzene  .5.20. 

0.3707  g  subst. :  18.1815  g  benzene;  Ai  0  624. 

Found  :  M  169.52.  170.05. 

Determination  of  chlorine,  by  the  Carius  method: 

0.1438  g  subst.:  AgGl  0.1090 g  ; 

0.1076  g  subst.:  AgGl  0.0880 g. 

Found  0/^:  cr  18.70.  20.0. 

The  original  fl-chloro  ether  was  isolated  almost  unchanged. 

Removal  of  HCl  by  the  action  of  alkali  in  toluene.  The  experiment  was  carried  out  with  the  butyl 
ether  (2-butoxy-l-chloropentane)  in  the  apparatus  described  above.  The  flask  contained  20  g  of  the  ether, 

40  g  KOH,  and  45  ml  toluene.  The  mixture  was  boiled  for  3  hours  with  mechanical  stirring.  Treatment  and 
fractionation  gave  16.5  g  of  a  fraction  with  b.p.  85-87°  (at  14-15  mm),  n^  1,4305. 
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Determination  of  inoJcciilar  weight; 

0.4158  g  subst.  :  17.3132  g  benzene  ;  0.715. 

0.4490  p  subst. :  17.3412  g  benzene  ;  0.78. 

Found  :  M  172.7.  170.0. 

Determination  of  chlorine,  by  the  Carius  method;  ^ 

0.1296  g  subst.  :  AgCl  6.1020  g;  Cl'  19.42%. 

0.1130  g  subst.  :  A^l  0.0938  g  ;  Cl'  20.06%, 

Found%:  Cl'  19.42.  20.06. 

The  original  ether  was  isolated  almost  unchanged. 

Removal  of  HCl  in  the  vapor,  phase  by  means  of  solid  alkali.  The  experiment  was  performed  with 
2-butoxy-l-chloropentane  30  g  of  the  ether  was  passed  through  a  pyrex  glass  tube,  40  cm  long  and  18  mm  in 
diameter,  filled  with  pieces  of  freshly  fused  caustic  potash.  The  experiment  v/as  carried  out  in  vacuum  under 
a  residual  pressure  of  22-23  mm  at  200-220°,  The  distillate  collected  in  the  receiver  was  passed  through  the 
tube  a  second  time.  After  washing  and  fractionation  of  the  product,  20  g  of  a  fraction  with  b.p.  8.5-87°  at 
14-15  mm  was  collected;  n^  1,4300. 

Determination  of  molecular  weight; 

0.3818  g  subst '  17.2438  g  benzene  5  0.658, 

0.4814  g  subst. :  17.1514  g  benzene  ;  0.830. 

Found  :  M  171.9.  172.7. 

Determination  of  chlorine,  l^y  the  Carius  method; 

0.1232  g  subst,  I  AgCl  0.0838  g 
0.1354  g  subst.  :  AgCl  0.0934  g 
Found  Cr  o/o:  16.82.  17.05. 

The  analytical  results  showed  that  only  slight  removal  of  HCl  took  place. 

Removal  of  HCl  liy  alcoholic  alkali  under  pressure.  The  methyl  chloro  ether,  the  constants  of  which 
are  given  above,  was  used  for  the  experiments.  The  first  series  of  experiments  was  carried  out  in  sealed  tubes 
of  thick- walled  molybdenum  glass. 

Data  on  some  of  the  experiments  are  given  in  Table  1. 

TABLE  1 

Experimental  Conditions  for  Removal  of  HCl  by  Alcoholic  Alkali 

10  g  of  methyl  ether,  5  g  of  KOH,  heating  time  5  hours 


Amount  of  alcohol 
(in  ml) 

Tempera¬ 
ture  of  ex¬ 
periment  (°) 

Amount  of  un¬ 
changed  ether 
isolated  (g) 

►Conversion 
of  original 
ether  (%) 

10,  methyl. . 

80 

7.2 

28 

10.  ethyl ....... 

90 

6.0 

40 

10,  ethyl  . 

loo 

3.5 

65 

10,  methyl . 

90 

4.6 

65 

10,  ethyl . 

140 

2.7 

77 

819 


No  gas  was  evolved  when  the  tubes  were  opened,  the  color  of  the  reaction  mixture  was  pale  brown, 
and  the  tube  walls  and  bottom  were  coated  with  a  layer  of  precipitated  KCl.  To  avoid  hydrolysis  of  the 
vinyl  ether  in  presence  of  potassium  chloride,  a  large  excess  of  alkali  was  taken,  so  that  the  medium  was 
strongly  alkaline. 

The  contents  of  each  tube  were  decomposed  with  water,  the  upper  layer  was  separated  off,  dried  over 
calcined  potash,  and  fractionated. 

Fractional  distillation  gave  the  a- substituted  vinyl  ether,  the  yield  of  which  varied  between  25  and 
77<7o  in  these  experiments. 

The  experiments  performed  in  sealed  tubes  therefore  showed  that  under  certain  conditions  fl-chloro 
ethers  have  fairly  high  reactivity.  It  was  possible  to  split  the  g-chloro  ethers  at  high  temperatures  in  sealed 
tubes. 

The  possibility  of  removing  hydrogen  chloride  from  fl-chloro  ethers  having  been  demonstrated,  for  a 
closer  study  of  the  reaction  the  further  experiments  were  carried  out  in  an  autoclave. 

An  enameled  autoclave  250  ml  in  capacity  was  charged  with  a  mixture  consisting  of  a  fl-chloro  ether 
(2-methoxy-l-chloropentane),  alkali,  and  alcohol.  The  autoclave  was  placed  in  an  electrically  heated  oven. 

The  temperature  and  pressure  were  recorded. 

The  results  of  some  of  the  experiments  are  given  in  Table  2. 

TABLE  2 


Results  of  Experiments  on  the  Conversion  Reaction  of  fl-Chloro  Ethers 
30  ml  of  methyl  ether,  20  g  of  KOH,  40  g  of  alcohol,  heating  time  8 
hours 


Heating  tempera¬ 
ture  (®) 

Pressure  (atm. 
abs.) 

Amount  of  un¬ 
changed  ether 
isolated  (g) 

Conversion  of 
original  ether 
i^o) 

200 

10 

3 

90 

240 

12 

1.6 

94.6 

280 

20 

1.0 

96.7 

After  8  hours  of  heating,  the  autoclave  was  left  overnight. 

The  outlet  valve  of  the  autoclave  was  connected  to  a  gas  meter.  Hardly  any  gas  was  liberated  when 
the  valve  was  opened.  The  reaction  mass  contained  much  precipitated  KCl,  and  the  reaction  was  strongly 
alkaline,  as  KOH  was  taken  in  large  excess. 

The  reaction  product  was  decomposed  with  water,  dried  over  potash  and  fractionated  from  a  flask 
fitted  with  a  glass- plate  column. 

A  wide  fraction,  boiling  in  the  70-120®  range,  was  collected  in  all  the  experiments,  washed  several 
times  with  water,  dried  over  calcined  potash,  and  fractionated  through  a  column  with  an  efficiency  of  8  theo¬ 
retical  plates. 

A  fraction  boiling  at  85-86®  was  isolated,  consisting  of  a  substituted  vinyl  ether  of  the  following 

structure: 


Its  constants  are: 


CHg— CH2CH2-C-CH 

dcHg 


2 
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M  MR  Bromine  number 

Boiling  point  (*)  n^  d*  calculated  found  calculated  found  calculated  found 

85-86  1.4020  0.8049  100  100.08  31.08  30.25  160  156.8 

The  structure  of  the  vinyl  ether  was  confirmed  by  hydrolysis  with  lOo/p  H2SO4  on  heating. 

Into  a  round- bottomed  flask  fitted  with  a  reflux  condenser  were  put  10  ml  of  the  vinyl  ether  and  10 
ml  of  lOn/o  H2SO4  solution.  The  mixture  was  boiled  for  2  hours,  neutralized,  the  ketone  was  extracted  with 
diethyl  ether,  dried  over  calcium  chloride,  and  fractionated;  a  fraction  with  b.p.  98-100",  n®  1.3940  was 
isolated.  The  ketone  was  converted  into  the  2,4-dinitrophenylhydrazone,  which  had  m.p.  142*  after  two- fold 
recrystallization  from  absolute  alcohol.  The  melting  point  of  methyl  propyl  ketone  2,4-dinitrophenylhydrazone 
is  143*. 


SUMMARY 

1.  The  activity  of  chlorine  in  fi-chloro  ethers  has  been  systematically  studied  by  the  action  of  alkali 
under  various  conditions.  It  was  found  that  under  the  usual  conditions  the  chlorine  atoms  in  these  compounds 
are  inactive,  but  at  high  temperatures  and  pressures  HCl  is  split  off  readily. 

2.  A  new  method  is  proposed  for  the  preparation  of  a- substituted  vinyl  ethers  by  removal  of  HCl  from 
fl-chloro  ethers  by  the  action  of  alcoholic  alkali  under  a  pressure  of  10.20  atm.  at  200-280". 
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STUDY  OF  THE  CONDITIONS  OF  ALKYLATION  OF  TOLUENE  WITH  ETHYLENE 


A.  V.  Bondarenko,  M.  I.  Bogdanov,  and  M.  I.  Farberov 
The  Yaroslav  Technological  Institute 


The  present  paper  contains  data  obtained  in  a  study  of  the  conditions  of  alkylation  of  toluene  with 
ethylene  in  presence  of  aluminum  chloride. 

The  alkylation  of  aromatic  compounds  with  olefins  in  presence  of  aluminum  halides  was  first  pro¬ 
posed  by  Balsohn,  as  a  development  of  the  Gustavson-Friedel-Crafts  reaction  [1],  Subsequently  the  alkylation 
of  aromatic  compounds  with  olefins  in  presence  of  aluminum  halides  was  studied  by  numerous  investigators 
[2-9j. 

A  number  of  authors  have  shown  that  alkylation  is  an  equilibrium  reaction;  the  proportions  of  mono- 
and  polyalkylated  products  depend  on  the  reaction  conditions.  With  increasing  molar  ratio  of  olefin  to  aro¬ 
matic  compound,  the  equilibrium  shifts  in  the  direction  of  formation  of  more  polyalkylated  products  [7,  8], 
The  literature  also  contains  data  on  factory  conditions  for  alkylation  of  benzene  with  ethylene;  the  recom¬ 
mended  molar  ratio  of  ethylene  to  benzene  is  0.5  to  0.6:1,  which  gives  a  ratio  of  polyethylbenzenes  to  ethyl¬ 
benzene  of  ~  0.2  [10]. 

No  information  is  available  in  the  literature  on  alkylation  of  toluene  with  ethylene. 


EXPERIMENTAL 

Apparatus  and  methods.  The  reaction  vessel  was  a  round- bottomed  flask  750  ml  in  capacity,  fitted 
with  a  controllable- speed  stirrer,  a  reflux  condenser,  a  thermometer,  and  a  gas  inlet  tube.  The  flask  was 
charged  with  2  moles  of  toluene  and  with  anhydrous  aluminum  chloride  as  catalyst.  The  flask  was  placed  in 
a  water  or  oil  bath  to  maintain  a  definite  temperature.  Ethylene  from  a  gas  holder  was  dried  in  a  column 
containing  calcium  chloride  and  passed  into  the  reaction  flask.  The  ethylene  feed  rate  was  regulated  by 
means  of  a  flow  meter.  The  unreacted  ethylene  passed  through  the  reflux  condenser  and  was  collected  in  a 
gas  holder. 

The  original  toluene  was  dried  over  anhydrous  calcium  chloride  and  distilled  through  a  fractionation 
column.  The  fraction  taken  for  alkylation  boiled  in  the  range  109-112“,  d|°  0.8572,  n^  1.4912. 

The  original  ethylene  was  prepared  by  dehydration  of  ethyl  alcohol  over  alumium  oxide  at  375*.  The 
ethylene  content  was  98-99(^0. 

Aluminum  chloride  was  additionally  purified  by  sublimation.  The  amount  of  aluminum  chloride  used 
was  calculated  according  to  the  weight  of  toluene  taken. 

Experimental  procedure.  As  the  reagents  are  present  in  different  phases,  diffusion  factors  are  important. 
In  such  cases  a  chemical  reaction  only  reaches  its  limiting  rate  (the  kinetic  region)  with  adequate  agitation. 

Our  preliminary  experiments  showed  that  a  stirring  rate  of  1200  rpm  at  temperatures  up  to  85“  with  up  to 
5-6  wt.o^o  catalyst  is  sufficient  for  the  reaction  to  occur  in  the  kinetic  region;  further  increase  of  stirrer  speed 
did  not  increase  the  rate  of  ethylene  absorption. 

In  determinations  of  the  influence  of  temperature  and  catalyst  concentration  on  the  alkylation 


822 


reaction,  the  ethylene  was  supplied  at  various  rates;  the  break  through  of  ethylene  was  kept  approximately 
constant  in  the  range  of  10-15  volume  <7o  on  the  gas  passed. 

Treatment  of  the  alkylation  product.  The  alkylation  product  was  cooled,  weighed,  and  separated 
off  in  a  separating  funnel.  The  hydrocarbon  layer  was  treated  with  an  equal  volume  of  water,  neutralized 
with  IQpjo  soda  solution,  and  thoroughly  washed  with  water.  After  separation  of  the  aqueous  layer  and  drying 
over  anhydrous  calcium  chloride,  the  hydrocarbons  were  weighed  and  distilled  through  a  laboratory  column 
of  33  theoretical  plates  to  give  the  following  fractions: 

Fraction  I  109-115“  Toluene 

Fraction  11  156-165*  Etliyltoluene 

Fraction  III  >  165*  Polyettiyltoluenes 


Influence  of  individual  factors  on  the  alkylation  of  toluene  with  ethylene 

Effects  of  the  molar  ratio  of  ethylene  to  toluene  on  the  composition  of  the  alkylation  product  were 
studied  at  85*,  with  2  dXfJo  catalyst,  at  a  constant  ethylene  feed  rate  of  3  moles  per  liter  of  toluene  per  .hour, 
and  at  molar  ethylene-toluene  ratios  of  0.252  :  1,  0.488  :  1,  0.924  :  1.  The  results  (Figure  1)  show  that  the 
optimum  molar  ratio  of  ethylene  to  toluene  is  0.5-0.6:l,  when  the  ratio  of  po ly ethyl- to ethyltoluene  is~0.3, 


Fig.  1.  Effect  of  molar  ratio  of  ethylene  to 
toluene  on  the  composition  of  the  alkylation 
product. 

A)  Composition  of  product  (in  wt.  <y„),  B)  ra¬ 
tio  of  polyethyl-*  to  ethyltoluene  (by  weight), 
C)  molar  ratio  of  ethylene  to  toluene. 
Composition  of  product  (in  wt.  <1r): 

1)  toluene;  2)  ethyltoluene,  3)  polyethyl 
products,  4)  ratio  of  polyethyltoluenes  to 
ethyltoluene. 


A 


Fig.  2.  Effect  of  time  on  the  amount  of  re¬ 
acted  ethylene  at  different  catalyst  concen¬ 
trations. 

A)  Amount  of  reacted  ethylene  (moles/  liter 
of  toluene),  B)  time  (min  ). 

Concentration  of  AICI3  catalyst  (wt.  <rf„): 

1)  1),  2)  5,  3)  3,  4)  2,  5)  1. 


The  effect  of  catalyst  concentration  on  the  rate  of  the  process  was  studied  at  85*,  with  1,2, 3,4,  and 
IQpffo  of  aluminum  chloride  on  the  weight  of  toluene  taken,  or  0.065,  0.129,  0.195,  0.322  and  0.648  moles  of 
aluminum  chloride  per  1  liter  of  toluene  respectively.  The  variation  of  the  amount  of  reacted  ethylene  with 
time  at  different  catalyst  concentrations  is  plotted  in  Figure  2.  The  curves  in  Figure  2  were  used  to  calculate, 
for  constant  (relatively  small)  amounts  Q  of  ethylene  absorbed  per  liter  of  toluene  (Q  =  1  and  2  moles),  the 
average  reaction  rate  v  (v  =Q/t)  in  moles  of  converted  ethylene  per  liter  of  toluene  per  minute.  These  results 
were  used  to  plot  (Figure  3)  the  average  reaction  rate  v  as  a  function  of  catalyst  concentration.  In  Figure  4,v^^ 
is  plotted  against  the  square  root  of  the  catalyst  concentration;  this  gives  a  straight  line  for  AICI3  concen¬ 
trations  up  to  ~0.3  mole/ liter.  Thus,  the  reaction  rate  is  proportional  to  the  square  root  of  the  catalyst  concen¬ 
tration;  this  is  in  agreement  with  the  kinetic  data  obtained  by  Lebedev  for  alkylation  of  benzene  with  cyclo 
hexene  [6J.  At  AICI3  concentrations  over  0.3  mole/ liter  the  relationship  deviates  from  linearity;  this  may  be 
attributed  to  an  increase  of  the  reaction  rate  to  a  degree  at  which  the  rate  is  determined  by  diffusion  factors. 

The  effect  of  temperature  on  the  rate  of  the  alkylation  reaction  was  studied  in  the  62-110*  range 
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Fig.  3.  Effect  of  catalyst  concentration  on 
the  rate  of  reaction. 

A)  Average  rate  of  reaction  v  40*  in  moles 
°  av 

of  converted  ethylene  per  liter  of  toluene  per 

minute.  B)  catalyst  concentration  (in  moles 

AICI3/ liter  of  toluene). 


Fig.  4.  Reaction  rate  as  a  function  of  the 
square  root  of  the  catalyst  concentration. 
A)  Average  rate  of  reaction  v^^*10*  (in 

moles  of  converted  ethylene  per  liter  of 
toluene  per  minute),  B)  catalyst  concen¬ 


tration 


V 


liter  of  toluene 


(Figure  5).  The  data  in  Figure  5  were  used  to  calcu¬ 
late,  for  a  constant  amount  of  absorbed  ethylene,  the 
relationship  between  the  average  reaction  rate  v  and 
the  temperature,  by  the  method  described  above. 
Since  for  a  constant  amount  of  absorbed  ethylene  the 
rate  constants  are  proportional  to  the  average  rates  of 
reaction  at  different  temperatures 


\  K2  ti  tg  *^2/ 


Fig.  5.  Variation  of  the  amount  of  reacted 
ethylene  with  time  at  different  temperatures. 
A)  Amount  of  reacted  ethylene  (in  moles/ 
liter  of  toluene),  B)  time  (min  ).  Tempera¬ 
ture  (");  1)  109.6,  2)  85,  3)  74.9,  4)  61.9. 


we  used  the  plot  of  log  =  f  ("i^  to  calculate  the  ap¬ 
parent  energy  of  activation,  and  the  temperature  co¬ 
efficient  of  the  reaction,  found  to  be  1.45.  The  plot 
of  log  y_  against  the  reciprocal  temperature  based  on 
these  results  is  a  straight  line  for  temperatures  up  to 
85*.  The  point  for  110*  does  not  lie  on  this  line;  this 
can  also  be  ascribed  to  an  increase  of  the  rate  at  110* 
to  a  degree  at  which  the  reaction  passes  from  the  kinetic  into  the  diffusion  region. 

The  balance  for  the  alkylation  reaction  in  one  of  the  experiments  is  given  in  the  Table. 

Identification  of  the  ethyltoluene.  The  methyl  group  usually  directs  substituents  into  the  ortho  and  para 
positions.  However,  data  on  the  alkylation  of  aromatic  compounds  show  that  in  presence  of  aluminum  chloride 
the  meta  isomers  are  predominantly  formed  [2,  llj. 

Our  ethyltoluene  had  the  following  constants: 

=  162.46°,  =  0.8667,  /i2o  =  1.4970. 

Three  isomers  of  ethyltoluene  are  described  in  the  literature  [12J: 

p-ethyltoluene-K76o  =161-162*;  df =0.862,  nS  =1.4943;  o- ethyltoluene -K76o= 164.8- 165*,  df=0.861. 


*  y  '  L/  -  -  ,  y 

=  1.5042;  m-ethyltoluene-K7flo=161.5-l62.5®,  d4  =  0.867,  n^=1.4975. 
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Found  MRj^  =40.54;  Calculated  MRp=  40.51. 
Found  %:  C  90.4;  H  10.0. 

CjHij.  Calculated  C  90.0;  H  10.0. 


Results  of  a  Material  Balance  Experiment  on  the  Alkylation  of  Toluene 
with  Ethylene 

(Temperature  85*,  molar  ratio  of  ethylene  to  toluene  =0.5:1,  ethylene 
feed  rate  3  moles/  liter-hour,  duration  of  experiment  90  minutes) 


Reaction  products 

Y  ield  (in  molar  ojo) 

on  the  reacted 

toluene 

"Returned"  toluene . 

53.5 

- 

Ethyltoluene . . . 

32.3 

69.5 

Polyethylated  products* . 

7.3 

15.5 

Losses*  • . ; . 

6.9 

15.0 

Total: 

100.0 

100.0 

To  determine  the  quantitative  contents  of  the  isomers  in  our  products,  the  ethyltoluene  was  studied 
by  the  classic  method  of  oxidation  to  give  benzenedicarboxylic  acids,*  *  * 

3  g  of  ethyltoluene  was  placed  in  a  flask  containing  250  ml  water  and  0.4  g  caustic  soda.  20  g 
KMn04  was  gradually  introduced  into  the  flask  during  14  hours  at  95*.  At  the  end  of  the  oxidation  the  solution 
was  decolorized  with  alcohol.  After  removal  of  MnOj  by  filtration,  the  reaction  products  were  evaporated 
down  to  50  ml  and  acidified  with  strong  HCl;  acids  which  passed  into  aqueous  solution  were  additionally  ex¬ 
tracted  with  ether.  The  crude  acids  were  recrystallized  from  12  ml  of  boiling  water.  Only  traces  of  this  acid 
were  detected  in  the  filtrate  (by  the  resorcinol  reaction).  The  remaining  water- insoluble  acids  were  converted 
into  the  barium  salts  (by  means  of  saturated  BafOlDj  solution  to  an  alkaline  reaction).  Water  was  then  evapor¬ 
ated  off  and  the  residue  dissolved  in  15  ml  water.  The  soluble  Ba  salt  of  m-phthalic  acid  passed  into  the  filtrate, 
while  the  Ba  salt  of  p-phthalic  acid  remained  in  the  residue  [13J. 

The  weights  of  the  acids  were  calculated  from  the  weights  of  the  barium  salts  so  obtained. 

These  acids  were  additionally  identified  as  the  dimethyl  esters:  dimethyl  m-phthalate  was  obtained 
with  m.p.  66.3-67*  (literature  data,  m.p.  67-68*  [14J)  and  dimethyl  p-phthalate  had  m.p.  137-137.5*  (litera¬ 
ture  data,  m.p.  138*  [14J). 

Thus  3  g  of  ethyltoluene  yielded  2.58  g  of  phthalic  acids,  including  1.84  g  (71.4yn)  of  m-phthalic 
acid  and  0.74  g  (28. 6(^0)  of  p-phthalic  acid. 


SUMMARY 

1.  In  a  study  of  the  influence  of  individual  factors  on  the  alkylation  of  toluene  with  ethylene  in  presence 
of  aluminum  chloride  it  was  found  that;  a)  the  optimum  ethylene- toluene  ratio  is  0.5- 0.6  :  1  (molar);  b)  the 
reaction  rate  is  proportional  to  the  square  root  of  the  catalyst  concentration:  c)  the  temperature  coefficient  of 
the  overall  reaction  in  the  75-85*  range  is  1.45. 

2.  It  is  shown  that  the  ethyltoluene  obtained  in  this  reaction  consists  of  ~70<7o  meta  isomer  and  ~30^o 
para  isomer. 


•  The  molecular  weight  of  the  polyethylated  fraction  (determined  cryoscopically)  was  150;  this  indicates 
that  the  fraction  consists  almost  entirely  of  diethyltoluene.  In  presence  of  aluminum  chloride  and  excess  to¬ 
luene  polyethylated  products  are  readily  dealkylated  to  ethyltoluene. 

•  *  The  considerable  losses  in  our  laboratory  experiments  occurred  mainly  during  the  treatment  and  isolation 
of  the  alkylated  products, 

*  •  •  It  should  be  noted  that  this  classic  method  identification  gives  an  accuracy  not  exceeding  ±  5yo  (rela¬ 
tive). 
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BRIEF  COMMUNICATIONS 


HYDROTHERMAL  HARDENING  OF  BUILDING  MATERIALS  BASED  ON 
NEW  KINDS  OF  RAW  MATERIALS 

P.  P.  Budnikov  and  Yu.  M.  Butt 


In  mixtures  of  quartz  sand  and  lime  (under  hydrothermal  treatment)  extremely  fine  films  (~5ji)  of 
calcium  hydrosilicates  in  the  gel  state  are  formed  on  the  surface  of  the  quartz  grains.  The  presence  of  a  liquid 
phase  and  high  temperatures  assist  the  partial  transition  of  the  gelatinous  mass  of  calcium  hydrosilicates  into  a 
finely  crystalline  state  [1,  2].  As  the  result  of  catbonation  of  the  unreacted  Ca(OH)2,  the  gelatinous  mass  of 
calcium  hydrosilicates  also  contains  calcium  carbonate  crystals.  The  foregoing  forms  the  basis  of  the  production 
of  artificial  lime- sand  building  stone  by  hydrothermal  treatment  (autoclave  steam  pressure  7-8  atm,  at  about 
175*). 

A  study  of  the  chemistry  of  the  reactions  occurring  between  aluminosilicates  (kaolin,  clay)  and  Ca(OH)2 
under  hydrothetmal  treatment  confirmed  that  a  lime-clay  building  material  can  be  produced  by  autoclave 
treatment.  Under  hydrothermal  treatment,  the  bonds  between  the  silicon- oxygen  tetrahedron  and  aluminum 
atoms  in  kaolin  are  weakened.  Alumina  then  becomes  capable  of  reacting  with  Ca(OH)2  to  form  calcium  hy- 
droaluminate.  The  silica  of  the  aluminosilicate  forms  calcium  hydrosilicate  with  Ca(OH)2.  These  new  forma¬ 
tions  on  the  surface  of  the  clay  particles,  in  passing  partially  from  the  colloidal  into  the  crystalline  state,  act 
as  the  cementing  materials  in  this  new  kind  of  building  material  [3]. 

On  the  basis  of  these  results  it  appeared  desirable  to  study  the  possibility  of  using  other  kinds  of  raw  ma¬ 
terials  containing  silica  and  aluminosilicates  for  the  production  of  building  materials  by  autoclave  treatment. 

In  these  investigations  we  used  Ural  dunite,  serpentinite,  and  tripoli,  and  also  carbonate  rocks—  lime¬ 
stone  and  dolomite,  which  always  contain  aluminosilicate  impurities. 

The  chemical  compositions  of  these  materials  are  given  in  Table  1. 


TABLE  1 

Percentage  Chemical  Compositions  of  the  Starting  Materials 


Materials 

SIO, 

AlaOs 

Fe,Oj 

FeO, 

TiO,  j 

MgO 

i 

CaO 

SO, 

Ignition 

loss 

Dunite . 

38.06 

0.31 

6.72 

6.29 

39.91 

0.62 

8.35 

Serpentinite . 

36.51 

1.83 

5.97 

1.03 

— 

38.84 

1.87 

0.28 

13.02 

T  ripoli . 

77.91 

9.16 

4.97 

— 

— 

0.98 

0.62 

— 

6.23 

Clay  . . . 

71.92 

7.51 

3.53 

— 

0.65 

2.51 

5.84 

0.10 

6.26 

Limestone, . 

0.32 

0 

■91 

— 

— 

1.14 

54.90 

— 

43.08 

Dolomite  - . 

1.20 

0 

50 

— 

— 

21.04 

31.05 

— 

45.89 

Slaked  lime . 

0.36 

0.64 

1  0.26 

— 

““ 

0.47 

70.84 

0.51 

26.27 

The  amount  of  lime  taken  was  calculated  to  give  a  mass  of  activity.  All  the  starting  materials  were 
ground  to  give  loy,,  residue  on  a  No.02  sieve  (900  mesh/ cm*).  10,  20,  30,  40,  and  bOn/p  of  quartz  sand  was  added. 
Its  particle  size  composition  was  characterized  by  the  following  residues  (in  <yo)  on  sieves:  No.  06  0.36; 
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No.  0315  6.74;  No.  015  90.25;  No.  0085  2.38. 

From  each  mix, 15  specimens  1.41  x  1.41  x  1.41  cm  were  made  and  molded  under  200  kg/ cm*  pres¬ 
sure.  The  hydrothermal  treatment  of  the  specimens  was  carried  out  in  an  autoclave  under  a  pressure  of  8  atm 
for  hours. 

The  physicomechanical  properties  of  the  steamed  specimens  are  given  in  Table  2.  The  comparison 
standard  was  a  mixture  consisting  of  87.5%  quartz  sand  and  12.5iyo  slaked  lime;  its  strength  after  steaming  was 
152  kg/ cm*. 


TABLE  2 

Strength  of  Steamed  Materials  Based  on  New  Kinds  of  Raw  Materials 


'  ^  ^ — 

o 

^  p<-< 

S  2.2 

s 

u 

o  _ 

Compressive  strength  (kg/cir?)  with  main  raw  material 

2  c  o 

uEE 

•o  3. 
c 

rt 

w 

serpenti- 

nite 

dunite 

dolomite 

limestone 

tripoli 

clay 

87.6 

25 

25 

112 

25 

300 

225 

77.5 

10 

38 

50 

188 

41 

812 

237 

67.5 

20 

50 

63 

150 

62 

325 

250 

57.5 

30 

63 

94 

166 

77 

360 

275 

47.5 

40 

76 

107 

187 

92 

368 

300 

37.6 

60 

94 

126 

200 

119 

387 

812 

The  data  in  Table  2  show  that  the  specimens  based  on  tripoli,  clay,  and  dolomite  have  high  strength, 
conforming  fully  to  the  strength  specifications  for  quartz  sand  specimens  (silicate  brick)  or  even  surpassing 
to  them.  With  lO-SOc/o  sand  the  strength  of  the  specimens  increased  considerably  and  conformed  to  the  silica 
brick  specifications  for  all  the  starting  materials.  While  positive  results  had  been  obtained  previously  for 
tripoli  and  clay,  these  findings  are  new  for  the  other  materials.  Of  special  interest  are  the  lime-dolomite 
mixtures,  which  gave  a  strength  of  112  kg/ cm*  without  added  sand,  and  200  kg/ cm*  with  sand. 

TABLE  3 

Strength  of  Materials  Based  on  New  Kinds  of  Raw  Materials  After  Storage  in  Water  and  Drying 

Subsequent  to  Steaming 


Contents  of 
original  raw 
materials  (</(;) 

Sand  contend 
(lo) 

Compressive  strength  (kg/cm*)  with  main  raw  material 

serpenti- 

inte 

dunite 

dolomite 

limestone 

tripoli  1 

clay 

steamed  specimens  kept  28  days  in  water 

87.6 

— 

20 

0 

113 

22 

288 

220 

77.5 

10 

22 

16 

133 

25 

300 

233 

67.5 

20 

40 

33. 

160 

43 

812 

262 

67.5 

30 

48 

50 

176 

60 

325 

262 

47.6 

40 

.58 

58 

203 

60 

335 

287 

37.5 

60 

76 

88 

225 

69 

350 

801 

steamed  specimens  dried  to  constant  weight 

87.5 

— 

38 

90 

150 

46 

450 

376 

77.5 

10 

56 

110 

212 

63 

478 

402 

67.5 

20 

63 

129 

288 

105 

602 

425 

57.5 

30 

84 

147 

292 

113 

526 

482 

47.5 

40 

102 

175 

313 

138 

549 

601 

37.5 

60 

128 

187 

325 

150 

566 

513 
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In  view  of  the  fact  that  our  country  has  large  deposits  of  native  dolomite  powder,  which  does  not  require 
grinding  for  use,  experiments  were  carried  out  on  the  use  of  dolomite  powder  from  the  Vladimir  deposits  as  the 
main  raw  material  for  the  production  of  building  material  by  the  autoclave  process. 

The  dolomite  powder  consisted  of  very  fine  particles  which  passed  almost  completely  through  a  No.  0045 
sieve  (16,000  mesh/ cm*). 

The  activity  of  the  mass  was  again  The  strength  after  steaming  was  64  kg/  cm*,  and  with  10??.  quartz 
sand,  75  kg/ cm*.  These  results  confirm  that  building  materials  of  adequate  strength  can  be  made  on  a  dolomite 
basis  by  the  autoclave  process. 

It  was  of  interest  to  determine  the  strength  of  the  specimens  after  subsequent  storage  in  water  (after  steam¬ 
ing)  or  after  drying  to  constant  weight.  The  results  are  given  in  Table  3. 


Fig.  1.  Micro  photograph  of  a  lime-sand  sped-  Fig.  2.  Microphotograph  of  a  lime-serpenti- 

men  made  by  hydrothermal  hardening.  nite  specimen  made  by  hydrothermal  harden¬ 

ing. 

Comparison  of  the  data  in  Tables  2  and  3  shows  that  the  strength  of  the  steamed  specimens  based  on  the 
materials  under  investigation  decreases  in  most  cases  after  storage  in  water  for  28  days,  but  it  remains  high  for 
tripoli,  clay,  and  dolomite,  and  is  better  than  the  requirements  specified  for  such  autoclave-hardened  materials. 
The  water  resistance  of  specimens  based  on  serpentinite,  dunite,  and  limestone  is  considerably  less,  so  that  these 
materials  can  only  be  used  for  surface  buildings  of  few  floors. 

Drying  to  constant  weight  produces  a  favorable  effect  in  all  cases,  with  considerable  strength  increases, 
up  to  450-566  kg/cm*  for  tripoli,  375-513  kg/ cm*  for  clay,  150-325  kg/ cm*  for  dolomite,  90-187  kg/cm* 
for  dunite,  46-150  kg/ cm*  for  limestone,  and  38-128  kg/ cm*  for  serpentinite.  This  shows  that  all  these  ma¬ 
terials  are  most  suitable  for  the  surface  parts  of  buildings. 

To  elucidate  the  mechanism  of  interaction  of  the  starting  materials  during  hydrothermal  hardening,  the 
free  lime  contents  in  the  steamed  materials  were  determined.  It  was  found  that  none  of  the  specimens  based  on 
tripoli,.  clay,  or  dolomite  contained  free  lime;  therefore  the  lime  interacted  with  the  other  components  during 
the  hydrothermal  treatment  with  the  formation  of  definite  new  substances.  Specimens  of  the  standard  com¬ 
parison  composition  contained  0.94/0  free  lime. 

The  free  lime  content  of  specimens  based  on  dunite  was  in  the  range  of  l,59-4.3(3t/o  of  the  serpentinite 
specimens,  2.81-4.09>/c  and  of  the  limestone  specimens,  3.02-4.37<yc  according  to  the  amount  of  sand  added. 
The  amount  of  free  lime  decreased  with  increasing  sand  content.  This  indicates  that  in  autoclave  treatment 
sand  binds  lime  to  a  greater  extent  than  do  dunite,  serpentinite,  or  limestone.  However,  these  substances  also 
react  with  lime  during  autoclave  treatment,  and  absorb  at  least  2/3  of  it  in  new  compounds. 

Several  of  the  specimens  were  investigated  petrographically. 


829 


Microphotographs  of  steamed  specimens  are  shown  in  Figures  1-4.  In  the  standard  lime- sand  specimen 
large  grains  of  quartz  can  be  seen,  with  slightly  diffuse  edges.  Around  some  grains  fringes  of  cementing  ma¬ 
terial  are  seen,  in  places  overlapping  the  quartz  grains.  This  cementing  material  consists  of  an  isotropic 
gelatinous  mass  permeated  with  very  fine  crystals  of  calcium  hydrosilicates. 

In  the  lime- dolomite,  lime-dunite,  and  lime-serpentinite  specimens  the  grains  of  dolomite,  dunite,  and 
serpentinite  are  also  slightly  attacked  at  the  edges  and  partially  surrounded  by  new  substance. 

Of  the  best  three  kinds  of  raw  materials  —  tripoli,  clay,  and  dolomite  —  dolomite  is  of  the  greatest 
interest.  The  mechanism  of  the  interaction  of  lime  with  tripoli  or  clay  in  autoclave  treatment  has  already 
been  described  in  the  literature.  The  fact  that  dolomite  also  interacts  with  lime,  as  established  in  this  investi¬ 
gation,  requires  explanation.  In  our  opinion,  during  hydrothermal  treatment  dolomite  and  lime  probably  form 
complex  compounds  of  the  type  xCaC03*yCa0  -01120.  and  xMgC03-yCa0-  nH20.  The  formation  of  these 
compounds  is  assisted  by  the  conversion  of  CaC03,  as  the  result  of  interaction  with  water  and  carbon  dioxide, 
into  calcium  bicarbonate,  Ca(HC03)2,  which  has  higher  solubility  in  water.  Similarly,  magnesium  carbonate 
is  converted  into  magnesium  bicarbonate. 


Fig.  3.  Microphotograph  of  a  lime-dunite  Fig.  4.  Microphotograph  of  a  lime- dolomite 

specimen  made  by  hydrothermal  hardening.  specimen  made  -by  hydrothermal  hardening. 

In  addition,  as  already  stated  at  the  beginning  of  this  paper,  native  dolomites  and  other  rocks  always 
contain  silica  and  aluminosilicates  which  react  with  lime  during  hydrothermal  treatment  in  the  same  way  as 
in  lime- sand  and  lime- clay  mixtures. 

The  favorable  action  of  added  sand  is  the  consequence  of  the  increased  contents  of  calcium  hydrosilicate, 
which  is  a  highly  active  cementing  material,  in  the  steamed  specimens.  Additions  of  sand  also  improve  the 
granular  composition  of  the  mass  by  making  it  more  compact. 

The  explanation  of  the  considerable  strength  increase  of  the  steamed  specimens  after  drying  is  that  the 
colloidal  mass  of  the  newly  formed  compounds  in  the  cementing  substance  becomes  dehydrated  and  condensed. 
Some  of  the  newly  formed  material  crystallizes  in  the  process. 

SUMMARY  . 

1.  It  was  found  that  when  dolomite,  serpentinite,  and  dunite  react  with  lime  on  hydrothermal  treatment, 
new  substances  are  formed  in  the  colloidal  state,  permeated  with  some  very  fine  crystals.  As  a  result  of  such 
interaction,  products  based  on  these  materials  acquire  a  degree  of  strength  which  makes  them  suitable  for  a 
number  of  constructional  purposes. 

2.  It  was  confirmed  tlxat  building  materials  based  on  clay  and  tripoli  can  be  made  by  the  autoclave 
process  by  interaction  with  lime  during  hydrothermal  hardening. 
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3.  Drying  subsequent  to  steaming  considerably  increases  the  strength  of  the  products  because  of  conden¬ 
sation  of  the  gelatinous  mass  of  new  material  and  additional  crystallization'  of  the  cementing  substance^ 

4.  Addition  of  sand  to  the  raw  mix  increases  the  strength  of  the  products  by  increasing  the  contents  of 
calcium  hydrosilicates,  which  are  highly  active  cementing  substances. 
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ELECTROLYTIC  TRANSFER  OF  CARBON  IN  LIQUID  IRON-CARBON  ALLOYS 


M .  A .  Rabkin 

Institute  of  General  Chemistry,  the  Zhdanov  Metallurgical  Institute 


The  use  of  electric  fields  in  studies  of  alloys  yielded  very  valuable  data  on  the  state  of  the  alloy  com¬ 
ponents;  such  information  is  of  great  theoretical  interest  and  may  eventually  become  of  considerable  practical 
value.  Under  the  action  of  a  direct  current  on  palladium  hydride,  hydrogen  diffuses  toward  the  cathode.  This 
indicates  that  hydrogen  is  present  in  the  hydride  in  the  form  of  positively  charged  ions  [Ij. 

It  was  found  by  Yavoisky  and  Batalin  [2]  that  hydrogen  dissolved  in  aluminum,  copper,  steel,  and  thermo- 
silit  melts  is  present  in  the  form  of  positive  ions  which  migrate  to  the  cathode  under  the  action  of  a  weak  elec¬ 
tric  field,  and  the  accumulating  hydrogen  is  liberated  into  the  atmosphere. 

The  authors  point  out  that  the  use  of  direct  current  may  be  of  practical  use  for  degasification  of  metals. 
Relatively  few  but  highly  interesting  experimental  data  on  the  action  of  direct  current  on  liquid  and  solid 
alloys  are  given  and  discussed  in  other  papers  [3,  4J. 

One  important  result  obtained  by  this  method  was  the  confirmation  of  the  previously  advanced  view  that 
carbon  in  iron- carbon  alloys  is  present  in  the  form  of  positively  charged  ions,  giving  up  some  or  all  of  its  valence 
electrons  to  a  "common  pool".  This  hypothesis  was  advanced  by  Lebedev  [5J  on  the  basis  of  a  comparison  of 
the  dimensions  of  the  carlx)n  atoms,  the  size  of  the  sites  occupied  by  them,  and  the  high  mobility  of  carbon. 

The  same  conclusion  was  reached  simultaneously  by  Dorfman  and  Kikoin  [6]  from  the  magnetic  properties  of 
carbon  intermetallic  compounds  formed  by  the  transition- group  metals.  This  view  has  been  confirmed  ex¬ 
perimentally  by  the  work  of  Prosvirin  [7],  Seith  and  Kubaschewski  [8J,  Lebedev  and  Guterman[9j,  Guterman  [lOj, 
and  Romadin  [3],  In  all  these  investigations  a  direct  current  was  passed  through  a  thin  steel  wire  kept  in  a 
vacuum  and  heated  to  a  high  temperature  of  the  order  of  1000",  In  all  the  experiments  relatively  high  current 
densities,  of  the  order  of  30  amp/mm^,  and  time  of  passing  the  current,  up  to  100  hours  in  some  experiments, 
were  used. 

The  carbon  contents  of  the  wires  were  determined  metallographically. 

In  contrast  to  these  experiments  with  incandescent  steel  wires,  a  considerable  change  of  component 
concentrations  is  attained  in  liquid  low-melting  alloys  at  lower  current  densities  and  in  shorter  times.  In 
Yavoisky  and  Batalin's  experiments  [2]  on  the  effect  of  an  electric  field  on  liquid  iron-carbon  alloys  the  times 
were  short,  and  the  data  cited  by  the  authors  suggest  that  the  current  density  was  also  relatively  low.  As  already 
stated,  they  studied  the  action  of  an  electric  field  on  hydrogen  dissolved  in  the  alloys. 

In  view  of  the  above,  studies  of  the  electrolytic  transfer  of  carbon  in  liquid  iron-carbon  alloys  are  of 
undoubted  interest. 


EXPERIMENTAL 

The  starting  material  was  cast  iron  of  the  following  composition  (inojoh  C  3.65,  Mn  0.72,  Si  1,88, 

S  0.052,  P  0.074. 

Vessels  of  the  form  shown  in  the  Figure  were  made  from  kaolin  containing  a  little  asbestos.  Experiments 
1-3  were  carried  out  in  a  boat-shaped  vessel  (Figure I )  and  Experiment  4  in  the  vessel  illustrated  in  the 
Figure, II.  The  vessels  were  densely  packed  with  the  iron  shavings  and  placed  in  aSilit  furnace  specially  designed 
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for  the  purpose.  The  furnace  was  previously  heated  to  1300“,  and  the  iron  melted  rapidly  at  this  temperature. 
Two  steel  wire  electrodes  3  mm  in  diameter,  connected  to  a  current  sources,  were  immersed  in  the  melt.  The 
current  was  obtained  from  the  mains  through  a  mercury  rectifier. 

As  the  liquid  alloys  have  very  low  resistance,  a  variable  resistance  was  connected  in  series  in  the  circuit. 

Section  Ah  Section  BB  Section  Ah  Section  83 
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Vessels  for  "electrolysis"  of  liquid  iron- carbon  alloys 

In  addition  to  the  presumed  action  of  the  electric  field  in  causing  directed  migration  of  ions  to  one  of 
the  poles,  processes  also  occur  in  these  conditions  which  lead  to  equalization  of  concentrations  over  the  whole 
volume  of  the  alloy.  These  processes  include  diffusion,  the  rate  of  which  is  very  high  at  high  temperatures,  and 
convection.  Therefore  if  a  liquid  heterogeneous  melt  is  left  for  some  time  without  the  action  of  an  electric 
field,  the  previously  achieved  change  of  concentration  might  escape  detection.  To  avoid  equalization  of  con¬ 
centrations  in  absence  of  electric  current,  after  some  time  the  boat  with  the  melt  was  removed  from  the  furnace 
and  the  current  was  not  switched  off  until  the  metal  hardened.  In  the  conditions  described,  partial  combustion 
of  the  carbon  could  not  be  avoided.  This  was  the  process  which  determined  the  duration  of  the  experiment. 

As  the  result  of  burning-out  of  the  carbon,  the  melting  point  of  the  alloy  rose  continuously  and  in  most  of  the 
experiment  the  melt  had  already  solidified  when  the  boat  was  taken  out  of  the  furnace.  The  alloy  removed 
from  the  boat  after  the  experiment  was  a  sintered  mass  of  very  heterogeneous  structure.  The  steel  wires  used 
as  electrodes  were  fused  into  the  alloy,  the  wire  boundaries  being  fairly  distinctly  visible  in  a  cross  section  of 
the  alloy.  At  the  end  of  the  experiment  the  alloy  was  broken  into  two  equal  parts,  the  regions  in  immediate 
contact  with  the  electrodes  were  removed,  both  halves  of  the  alloy  were  powdered,  and  the  carbon  content  of 
each  was  determined.  The  carbon  content  was  determined  by  combustion  in  oxygen. 

The  experimental  conditions  and  results  are  given  in  Table  1. 


TABLE  1 

Carbon  Concentrations  at  the  Electrodes  for  Different  Times  of  "Electrolysis" 


Experiment 

No. 

Duration  of 
experiment 
(min.) 

Tempera¬ 
ture  (“) 

Potential  (v) 

current 

strength 

(amp.) 

Difference 
of  concen¬ 
trations  (<yc) 

at 

cathode 

at  anode 

1 

3 

1300—1350 

2.6—3 

6—7.5 

1.26 

1.15 

0.11 

2 

7 

1360—1400 

2.6—3 

6—7.5 

0.22 

0.08 

0.14 

3 

10 

1300—1350 

2.6—3 

6—7.5 

0.59 

0.42 

0.17 

The  current  strength  rose  somewhat  at  the  end  of  the  experiment,  probably  owing  to  the  decrease  in  the 
resistance  of  the  alloy  on  transition  from  the  liquid  to  the  solid  state. 

The  current  density  in  all  the  experiments  was  in  the  range  of  0.08-0.1  amp/ mm*.  The  higher  carbon 
content  found  in  Experiment  3  (as  compared  with  Experiment  2)  is  due  to  the  fact  that  in  Experiment  3  the  boat 


was  covered  over  with  refractory  clay  after  being  filled  with  the  iron  turnings.  This  retarded  the  combustion 
of  carbon  somewhat. 


It  follows  from  the  data  in  Table  1  that  the  carbon  content  was  invariably  higher  in  the  part  of  the  alloy 
adjacent  to  the  cathode.  The  carbon  concentration  in  the  cathode  region  of  the  alloy  (relative  to  the  carbon 
concentration  in  the  anode  region)  increases  with  increasing  duration,  or  "electrolysis"  time.  Because  of  the 
combustion  of  the  carbon,  all  the  experiments  were  actually  performed  with  steel,  and  Experiment  2  even  with 
mild  steel  with  a  low  carbon  content.  To  diminish  the  combustion  of  carbon  and  to  bring  about  "electrolysis" 
of  cast  iron,  an  experiment  was  carried  out  in  a  vessel  of  the  form  shown  in  the  Figure,  II,  The  vessel  was  filled 
with  iron  turnings  of  the  composition  given  alxjve,  and  the  external  narrow  slit  of  the  vessel  was  carefully 
covered  over  with  refractory  clay.  It  was  not  possible  to  avoid  completely  the  combustion  of  carbon  even  in  this 
case,  but  the  combustion  rate  was  much  lower  and  the  alloy,  despite  the  longer  time,  was  considerably  richer ' 
in  carbon. 

As  in  the  preceding  experiments,  in  Experiment  4  the  current  was  only  switched  off  after  the  alloy  had 
hardened  completely  after  removal  from  the  furnace. 

The  liquid  alloy  remained  under  the  action  of  the  electric  current  for  15  minutes.  When  it  had  cooled 
completely,  the  vessel  was  broken  and  the  alloy,  with  the  exception  of  the  parts  in  direct  contact  with  the 
electrodes,  was  broken  into  five  approximately  equal  pieces,  each  of  which  was  analyzed.  The  carbon  and 
sulfur  contents  were  determined.  Sulfur  was  determined  iodometrically.  The  experimental  results  are  given  in 
Table  2,  Sample  1  was  the  cathode  sample,  and  Sample  5,  the  anode  sample.  Samples  2,  3,  and  4  were  pro¬ 
gressively  further  from  the  cathode  and  nearer  to  the  anode.  The  duration  of  the  experiment  was  15  minutes 
for  all  the  samples,  at  2.3-3  v,  current  strength  10-11  amp,  temperature  1280-1300*. 


It  follows  from  the  data  in  Table  2  that  the  car¬ 
bon  concentration  of  the  iron  decreases  regularly  from 
the  cathode  to  the  anode.  Despite  the  fact  that 
Sample  1,  in  contrast  to  Samples  2,  3,  and  4,  was  in 
direct  contact  with  air,  and  therefore  the  combustion 
of  carbon  in  it  should  have  been  greatest,  it  was  found 
to  be  the  richest  in  carbon.  The  sulfur  content  also 
decreases  regularly,  which  indicates  that  the  sulfur  is 
partially  present  in  the  form  of  positively  charged  ions. 
However,  these  results  are  only  preliminary  and,  despite 
the  fact  that  the  difference  of  sulfur  contents  (O.OOS^n) 
is  greater  than  the  possible  error  in  the  determination, 
further  confirmation  by  a  large  number  of  experiments  is 
necessary.  A  comparison  of  these  results  with  the  data 
of  other  investigators  shows  that  in  the  action  of  an  electric  field  on  liquid  iron- carbon  alloys  the  same  effect 
is  observed  as  in  the  action  of  an  electric  field  on  heated  steel  wires—  carbon  ions  are  transported  to  the  ca¬ 
thode.  This  indicates  that  in  liquid  alloys  carbon  is  present  in  the  form  v  ^  'lively  charged  ions.  This  con¬ 
clusion  is  valid  for  alloys  with  different  carbon  contents.  Although  the  iron  ta..^..  .  ...ally  for  the  experiments 
was  the  same,  the  final  data  referred  both  to  an  alloy  rich  in  carbon  (2.74-2.59%  C)  and  to  almost  pure  iron 
(0.22-0.08^,  C).  In  contrast  to  the  earlier  experiments  on  the  transfer  of  carbon  in  solid  steel  wires,  considera¬ 
ble  changes  of  carbon  concentration  were  observed  in  liquid  alloys  at  low  current  densities  (up  to  0.015  amp/ 
mm*)  in  experiments  of  short  duration  (up  to  15  minutes). 

Within  the  time  range  studied,  the  difference  between  the  carbon  concentrations  at  the  electrodes  in¬ 
creases  with  time  of  "electrolysis".  These  results  are  evidence  of  the  ionic  structure  of  liquid  iron- carbon 
alloys. 

SUMMARY 

1.  It  was  shown  by  a  study  of  the  action  of  an  electric  field  on  liquid  iron- carbon  alloys  that  the  carbon 
in  these  alloys  exists  in  the  form  of  positively  charged  ions. 


Distribution  of  Carbon  and  Sulfur 
in  Cast  Iron  Samples  after  "Elec¬ 
trolysis" 


Contents  (%) 


Carbon 

sulfur 

2.74 

0.051 

2.67 

0.050 

2.67 

0.048 

2.59 

0.046 

2.63 

0.045 

2.  The  difference  between  the  carbon  concentrations  at  the  electrodes  increases  with  increasing  dura¬ 
tion  of  the  action  of  the  electric  field. 

3.  The  results  of  preliminary  experiments  suggest  that  sulfur  present  in  the  melts  is  partially  in  the  form 
of  positively  charged  ions. 

In  conclusion,  it  is  the  author's  duty  to  express  his  gratitude  to  K,  V.  Odaryukov  for  help  in  the  investiga¬ 
tion. 
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CORROSION  CRACKING  OF  BRASS  UNDER  THE  ACTION  OF 
A  CYANIDE  ELECTROLYTE* 


A.  V,  Shreider 

/ 


In  an  earlier  paper  [Ij  the  corrosion  cracking  of  brass  manifolds  used  for  conveying  liquid  fuel  was 
considered.  It  was  found  that  the  cracking  was  caused  by  NH3  present  as  an  impurity  In  the  atmosphere;  the 
corrosion  cracks  originated  in  the  external  surface  layers  of  the  tubes. 

Fractures  of  the  brass  (L68),  cadmium- plated  tubes  of  a  starter  manifold  were  observed  in  use. 

The  fuel  does  not  flow  continuously  through  the  starter  manifold.  Fuel  is  fed  through  it  for  very  short  periods 
(30-45  seconds).  The  rest  of  the  time  the  manifold  is  filled  with  ait. 

Failure  occurred  not  less  than  80  days  after  the  bending  deformations  to  which  the  starter  manifolds  were 
subjected  when  being  installed.  The  nature  of  the  fracture  showed  clearly  that  the  cracks  originated  on  the 
surface  of  the  narrow  internal  canal  (4  mm  diameter)  of  the  pipes.  The  inner  surface  neat  the  fracture  was 
coated  with  a  dense  blue  substance  with  a  black  film  underneath.  Analysis  showed  that  the  blue  substance  was 
basic  cupric  carbonate,  and  the  black  film  was  copper  oxide. 

Since  the  operating  conditions  of  the  starting  manifold  do  not  assist  removal  of  corrosive  substances  from 
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Fig.  1.  Device  for  testing  tubes  for  ten¬ 
dency  to  corrosion  cracking. 

1)  Stand,  2)  wing  nut,  3)  washer, 

4)  tightening  bolt,  5)  tube  under  test, 

6)  textolite  bushing, 

•  Communication  II  on  the  corrosion  cracking  of  brass. 


the  inner  surface  of  the  manifold  tubes,  it  was  decided 
to  study  the  action,  on  L68  brass,  of  all  the  media  to 
which  the  brass  tubes  had  been  exposed  during  the  manu¬ 
facture  of  the  manifold. 

The  tests  were  carried  out  on  half- immersed 
specimens  for  114  days,  and  in  an  atmosphers  of  lOO^o 
humidity  with  drops  of  the  corrosive  medium  applied 
to  the  surface  of  a  specimen  cut  from  a  tube.  The 
corrosive  media  tested  were  town  water  (rinsings), 
aqueous  sludge  from  the  liquid  fuel  (containing  about 
1%  alkali),  a  solution  of  30  g/ liter  NaOH  +  30  g/ liter 
NajjCOs  +  5  g/  liter  water  glass  (degreasing  bath),  HNO3 
solution  (pickling  liquor),  solution  of  200  g/ liter 
Cr03  +  2  ml/  liter  HJSO4  (brightening  bath),  solution  of 
HCl  and  H2SO4  (pickling  prior  to  cadmium  plating), 
cadmium  cyanide  electrolyte,  and  a  saturated  solution 
of  eOn/o  H3BO3  +  40n7f,  KF  (hygroscopic  flux  for  welding). 
The  external  appearance  and  the  composition  of  the 
corrosion  products  were  evaluated  during  and  after  the 
tests,  and  compared  with  the  results  for  corrosion  prod¬ 
ucts  in  cracked  tubes  of  starter  manifolds. 

The  results  showed  that  films  of  the  corrosion 
products,  similar  to  the  corrosion  products  on  the 
cracked  manifolds,  were  only  formed  in  alkaline  media. 
Consideration  of  the  sequence  of  technological  opera¬ 
tions  in  the  manufacture  of  starter  manifolds  leads  to 
the  conclusion  that  retention  of  the  cadmium  electro¬ 
lyte  in  the  tubes  is  the  most  likely  occurrence.  All  the 
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other  alkaline  media  have  lower  concentrations,  lower  viscosities,  act  on  the  tubes  before  they  are  bent  and 
welded  (when  they  are  much  easier  to  rinse  out),  and  their  action  is  followed  by  several  treatments  in  acids 
Which  neutralize  the  alkali,  and  numerous  rinsings.  The  flux  cannot  reach  the  sites  of  formation  of  the  blue 
films,  as  the  cracking  zone  is  far  from  the  welded  joints.  The  design  of  the  article  makes  the  action  of  the 
alkaline  sludge  on  the  manifold  metal  impossible;  any  liquid  must  flow  out  of  the  tube  into  the  filter. 


Fig.  2.  Inner  surface  of  a  tube  cracked  by  stress  corrosion  under  the 
action  of  cyanide  electrolyte  for  cadmium  plating. 

Conversely,  the  difficulty  of  removing  strong  alkaline  solutions  in  general,  and  from  a  system  of  such 
narrow  and  bent  channels  in  particular,  makes  it  very  likely  that  cadmium  electrolyte  is  retained  in  some  mani¬ 
folds  which  have  not  been  thoroughly  washed  out  after  cadmium  plating.  The  water  evaporates  during  drying 
and  storage,  and  the  corrosive  cyanides  and  alkaline  compounds  form  a  deposit  on  the  inner  tube  surface.  Being 
hygroscopic,  they  absorb  moisture  and  this  leads  to  corrosion.  Unfortunately,  it  was  not  possible  to  detect  cya¬ 
nides  in  the  corrosion  products  in  the  cracked  zone  because  the  amounts  were  very  small. 

On  these  grounds  the  possibility  of  corrosion  cracking  of  brass  under  the  action  of  cyanide  electrolyte  was 
investigated.  We  did  not  find  any  data  in  the  literature  on  the  corrosion  cracking  of  brass  in  cyanide  solutions 
[2,  3]. 

The  experiments  were  carried  out  in  a  device  (Figure  1)  in  which  tensile  stresses  up  to  5  kg/  mm*  were 
set  up  in  the  specimens  by  bending.  The  tests  were  carried  out  on  tube  specimens  filled  with  electrolyte 
(4G-45  g/  liter  CdO  +  110-120  g/  liter  NaCN  +  0.5  g/  liter  NiS04  +  1  g/  liter  "gulak’**)under  stress  and  witliout 
stress,  and,  for  comparison  stressed  and  unstressed  tubes  without  electrolyte.  To  remove  internal  stresses,  the 
specimens  were  annealed  for  1  hour  at  280“  before  the  tests.  The  specimens  were  mounted  vertically  in  the 
device  and  sealed  from  belov/  with  wax.  Fresh  portions  of  electrolyte  were  added  at  intervals  frr>rn  above 
through  the  open  end  of  the  tube. 

Exposure  for  130  days  showed  that  stressed  specimens  filled  with  electrolyte  cracked  in  a  direction  at 
right  angles  to  the  action  of  the  stress,  i.e.,  perpendicular  to  the  tube  axis;  one  cracked  after  71  days  and  a 
second  after  77.  The  third  specimen  had  decreased  tensile  strength  after  90  days  of  exposure. 

The  other  specimens  were  not  cracked  and  after  130  days  their  strength  values  were  normal.  The  corro¬ 
sion  on  the  inner  surfaces  of  the  filled  but  unstressed  tubes  was  shallow  and  uniform,  and  did  not  influence 
greatly  the  strength  of  the  brass. 

In  the  cracking  zone  (or  in  the  rupture  zone  in  tensile  tests)  in  specimens  subjected  to  the  action  of  elec¬ 
trolyte  under  stress,  no  plastic  attenuation  was  observed.  All  the  other  specimens  formed  a  neck  in  the  tensile 
rupture  zone.  The  external  appearance  of  the  inner  surface  of  a  tube  which  cracked  in  the  experimental  condi¬ 
tions  is  shown  in  Figure  2.  The  destruction  zone  was  coated  with  blue  [Cu2(0H)2C033  green, [Cu(OH)jj],  and 
black  (CuO)  corrosion  products. 

*  (j ulak  is  unverified.  It  suggest  some  sort  of  lac.  —  Publisher's  note. 


SUMMARY 


The  possibility  of  corrosion  cracking  of  brass  under  the  action  of  cyanide  electrolyte  used  for  cadmium 
plating  has  been  demonstrated. 
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THE  EFFECT  OF  POROSITY  ON  THE  CORROSION  RATE  OF 


ANODIC  COATINGS 


L.  I.  Kadaner  and  A.  Kh.  Masik 

It  is  generally  accepted  that  the  porosity  of  cathodic  metallic  coatings  has  a  decisive  influence  on  the 
corrosion  resistance  of  the  coated  objects.  It  is  also  reported  in  the  specialist  literature  that  the  porosity  of 
anodic  coatings  has  no  practical  influence  on  their  protective  coatings.  Thus,  Akimov  [Ij  and  Evans  [2J  state 
in  their  monographs  that  pores  in  anodic  coatings  are  not  particularly  dangerous.  Bakhvalov  [3j  and  Lainer  [4] 
state  that  the  protective  properties  of  anodic  coatings  are  practically  independent  of  porosity. 

Blum  and  Brener  [5J  give  the  results  of  corrosion  tests  of  zinc  coatings,  carried  out  over  many  years, 
which  show  that  increase  of  the  thickness  of  electrolytic  zinc  coatings  not  only  does  not  diminish,  but  increases 
the  corrosion  rate  of  zinc;  with  a  5- fold  increase  of  thickness,  the  durability  of  the  coatings  was  increased  only 
3.5- fold.  "There  is  no  simple  explanation  of  this  effect  in  galvanic  coatings"  they  state  in  conclusion. 

Experimental  verification  of  these  views  on  the  influence  of  porosity  on  the  corrosion  resistance  of  anodic 
coatings  is  of  undoubted  interest  for  evaluation  of  the  quality  of  anodic  coatings  and  of  their  corrosion  resistance, 
and  also  in  relation  to  our  investigations  of  the  influence  of  preliminary  passivation  on  the  porosity  of  galvanic 
coatings. 


Results  of  Experiments  on  Corrosion  of  Anodic  Coatings 


Basis  metal 

Coating 

Corrosive  medium 

Termpera- 
ture  (•) 

Weight  loss  (in 
mg/  dm -hour; 
average  val- 
1  ues) 

Iron 

Zinc 

3yn  sodium  chloride 

18-  23 

0.91 

Zinc 

Zinc 

solution  1 

0.46 

Iron 

Tin 

O.lo/p  oxalic  acid  solu- 

18-  23 

0.62 

Tin 

Tin 

tion 

0.47 

Copper 

Tin 

0,l<7o  oxalic  acid  solu- 

0.99 

Tin 

Tin 

tion 

1  16-  22 

0.35 

The  experiments  described  here  reveal  the  influence  of  porosity  and  the  effect  of  thickness  of  the  layers 
on  the  corrosion  of  anodic  coatings. 

In  the  first  series  of  experiments  (see  Table)  zinc  coatings  2-3p  thick  were  applied  to  zinc  and  iron 
plates,  and  tin  coatings  l-2p  thick  were  applied  to  tin,  iron,  and  copper  plates.  The  tests  were  carried  out  in 
electrolytes  in  which  tin  and  zinc  are  anodic  relative  to  iron. 

It  follows  from  the  data  in  the  Table  that  the  loss  of  weight  of  a  zinc  coating  on  iron  was  appreciably 
greater  than  the  loss  of  weight  of  a  coating  on  zinc.  A  tin  coating  on  copper  corroded  considerably  more 
rapidly  than  a  similar  coating  on  tin.  These  differences  in  the  corrosion  rates  can  only  be  explained  by  the 
action  of  Fe— Zn,  Fe-Sn,  and  Cu~Sn  cells  originating  at  the  pores  and  accelerating  corrosion.  Pores  in  a  tin 
coating  on  tin  or  a  zinc  coating  on  zinc  naturally  had  no  influence  on  the  corrosion  rate. 
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Fig.  1.  Macromodel  of  a  porous 
zinc  coating. 


Fig.  2.  Effect  of  the  number  of  pores 
on  the  corrosion  rate  of  a  zinc  plate. 
Numbers  on  the  curves  correspond  to 
the  series  of  experiments. 

A)  Loss  of  weight  (mg),  B)  number  of 
pores. 


Fig.  3.  Effect  of  layer  thickness  on  the 
corrosion  rate  of  a  zinc  coating  on  iron. 

Numbers  on  the  curves  correspond  to  the 
series  of  experiments. 

A)  Loss  of  weight  (mg),  B)  thickness  of 
coating  (p ) 

We  also  studied  the  effect  of  porosity  on  the  rates  of  corrosion  processes  by  means  of  a  specially  made 
macromodel.  Zinc  plates  of  exactly  the  same  size  (46  x  46  mm)  cut  from  the  same  sheet  were  drilled  with 
different  numbers  of  holes  1.1  irm  in  diameter.  The  zinc  plates  were  placed  in  an  iron  frame  (mount)  as  shown 
in  Figure  1.  The  whole  surface  of  the  zinc  plates  and  iron  frame  were  thoroughly  insulated,  except  at  the  points 
of  contact  and  the  regions  of  the  zinc  plate  and  iron  frame  surrounded  by  a  wavy  line  in  Figure  1.  This  macro- 
model  was  placed  in  ^ajo  sodium  chloride  solution.  Two  series  of  corrosion  tests  were  carried  out;  the  macro¬ 
models  were  duplicated  in  each  test. 

The  results  of  the  tests  (Figure  2)  show  that  an  increase  of  the  number  of  holes  (pores)  has  a  significant 
influence  on  the  corrosion  rate.  These  experiments  incontrovertibly  demonstrated  the  important  effect  of  the 
porosity  of  anodic  coatings  on  the  corrosion  rate. 

The  reason  for  the  increase  of  the  corrosion  rate  of  zinc  electrolytic  coatings  with  thickness  remained 
unexplained.  It  seemed  that  the  corrosion  rate  should  diminish  with  increasing  thickness,  as  the  porosity  de¬ 
creases  with  increasing  thickness. 

Corrosion  tests  were  therefore  carried  out  on  zinc  coatings  of  different  thicknesses  on  iron  and  zinc  plates. 


Fig.  4.  Effect  of  layer  thickness  on  the 
corrosion  rate  of  a  zinc  coating  on  zinc, 
A)  Loss  of  weight  (mg),  B)  thickness  of 
coating  (/i). 
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.ind  tin  coatings  on  iron  and  tin  plates.  To  ensure  comparable  results,  all  the  iron  plates  were  made  of  the 
same  size  from  the  sat»ie  strip.  The  zinc  plates,  also  of  equal  size,  were  cut  from  one  sheet  of  zinc.  The  tin 
specimens  were  also  all  made  from  the  same  material.  The  zinc  coatings  were  deposited  from  an  electrolyte 
of  the  following  composition  (in  g/ liter);  ZnS04*7H20'  215,  KAl  (804)2*  30,  Na2SO4*10H2O  30, 

NaCl  15,  under  the  same  conditions  —  current  density  1.5  amp/ dm*  and  temperature  l8-iHl".  Uniform  deposi¬ 
tion  of  the  zinc  coatings  on  the  specimens  was  ensured  by  the  fact  that  the  flat  electrodes  (cathode  and  anodes) 
completely  covered  the  whole  cross  section  of  electrolyte  in  a  rectangular  ceil.  The  tin  was  applied  in  the 
same  cell  from  an  electrolyte  of  the  following  composition  (in  g/ liter);  SnS04  30,  M25O4  90,  crcsol  6,  glue 
2;  (Hirrent  density  1.0  amp/ dm*,  temperature  20*.  A  fresh  portion  of  electrolyte  was  put  into  the  cell  for  each 
coating. 

The  conosion  tests  of  the  zinc- coated  specimens 
were  carried  out  in  0.3<7o  sodium  chloride  solution,  and 
of  the  tinned  specimens,  in  I'Yo  oxalic  acid  solution. 

Fach  specimen  was  placed  in  a  separate  vessel  with  a 
ground  glass  stopper  filled  with  the  appropriate  solution. 

To  exclude  the  influence  of  pc»ssiblc  fluctuations 
t>l  temperature,  all  tlie  specimens  in  a  given  series* 
were  placed  in  the  solution  simultaneously,  and  taken 
out  together  (average  results  arc  given).  The  results  of 
the  tests  are  shown  in  graphical  form  (Figures  3-6). 

It  follows  from  these  grapiis  tliat  the  corrosion 
rate  of  zinc  on  iron  first  decreases  with  increasing  layer 
thickness,  and  then  increases  (Figure  3).  The  corrosion 
rate  of  zinc  on  zinc  increases  steadily  with  increasing 
thickness  of  the  zinc  coating  (Figure  4). 

This  influence  of  the  thickness  of  the  zinc  coat¬ 
ing  on  the  corrosion  rate  is  explained  as  follows.  The 
corrosion  rate  of  a  zinc  coating  depends  on  two  fac¬ 
tors  —  the  structure  of  the  coating  and  its  porosity.  As 
A)  1/Oss  of  weight  (mg),  B)  thickness  of  is  known,  the  structure  of  a  zinc  coating  becomes  more 

coating  (g).  coarse  with  increasing  thickness,  its  physical  hetero- 

Explanation  in  text.  geneityand  actual  area  increase,  and  the  corrosion  rate 

increases  in  consequence.  On  the  other  hand,  the  poros¬ 
ity  of  the  zinc  coating  decreases  with  increasing  thickness,  and  the  number  of  galvanic  microcells  accelerating 

•  Each  series  contained  specimens  with  different  thicknesses  of  zinc  or  tin  (1,  2,  3,  5,  10,  20  ji)  and  there  were 
at  least  two  specimens  for  each  thickness  in  every  series. 


Fig.  7,  Effect  of  porosity  on  the  corro¬ 
sion  rate  of  a  zinc  coating  on  iron. 


841 


corrosion  diminishes  accordingly.  Thus  the  corrosion  rate  of  a  zinc  coating  on  iron,  on  the  one  hand,  should 
increase  with  increasing  thickness  in  consequence  of  the  development  of  the  surface  and  of  the  increase  of 
its  physical  heterogeneity:  on  the  other  hand,  it  should  diminish  because  of  the  decreasing  porosity.  At  first,  in 
the  deposition  of  thin  galvanic  coatings,  the  porosity  diminishes  sharply  with  increasing  layer  thickness,  and  the 
porosity  decrease  is  the  dominant  factor,  so  that  the  corrosion  rate  diminishes.  With  further  increase  of  thick¬ 
ness  the  deterioration  of  the  structure  becomes  the  dominant  factor,  and  the  corrosion  rate  begins  to  rise. 

The  corrosion  rate  of  a  zinc  coating  deposited  on  zinc  depends  only  on  its  structure  and  is  evidently  inde¬ 
pendent  of  the  porosity.  The  corrosion  rate  therefore  rises  steadily  with  thickness. 

Deterioration  of  the  surface  of  a  zinc  coating  with  increasing  thickness  was  observed  with  the  aid  of  the 
MIS- 11  binocular  microscope,  operating  on  the  "light  cross  section"  principle. 

Similar  results  were  obtained  in  corrosion  tests  on  tinned  iron  and  tin  specimens  in  oxalic  acid.  The 
corrosion  rate  of  tinned  tin  specimens  increased  somewhat  with  thickness,  but  not  as  much  as  in  the  case  of 
zinc  coatings  (Figure  5),  The  corrosion  rate  of  tinned  iron  specimens,  on  the  contrary,  fell  somewhat  with 
increasing  thickness  of  the  tin  layer  (Figure  6). 

The  structure  of  tin  coatings,  in  contrast  to  zinc,  "coarsens"  to  an  appreciably  smaller  extent  with  in¬ 
creasing  thickness.  In  consequence,  the  predominant  factor  (in  the  l-20ji  thickness  range)  is  invariably  the 
decrease  of  porosity  with  thickness. 

By  comparison  of  Curves  I  and  II  (Figure  7),  which  represent  the  corrosion  rates  of  zinc  coatings  on  iron 
and  zinc  respectively,  under  identical  conditions,  it  is  possible  to  derive,  in  the  first  approximation,  a  relation¬ 
ship  between  corrosion  and  the  porosity  only,  on  the  assumption  that  the  difference  between  the  weight  losses 
shown  by  Curves  I  and  II  represents  losses  due  to  the  mocrocells  only.  The  resultant  Curve  III  (dash  line)  shows 
that  the  corrosion  rate  decreases  steadily  with  layer  thickness. 


SUMMARY 

1.  The  rate  of  corrosion  of  anodic  coatings  in  electrolytes  depends  to  a  significant  extent  on  their 
porosity. 

2.  Increase  of  the  thickness  of  an  anodic  coating  leads,  on  one  hand,  to  an  increase  of  the  corrosion  rate 
owing  to  increasing  physical  heterogeneity,  and  on  the  other,  to  a  decrease  of  the  corrosion  rate  owing  to  de¬ 
creased  porosity  of  the  coating.  The  effect  of  layer  thickness  on  the  corrosion  rate  is  determined  by  the  relative 
significance  of  these  factors. 
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ELECTRODEPOSITION  OF  GOLD-COPPER  ALLOYS 
B.  S.  Krasikov 


Whereas  the  electrodeposition  of  copper  and  of  gold  from  cyanide  electrolytes  has  been  studied  fairly 
extensively  [1-6],  there  is  hardly  any  information  in  the  literature  on  the  deposition  of  gold- copper  alloys, 
apart  from  some  indications  [1]  that  Tredder"  gold  can  be  obtained  by  the  addition  of  small  amounts  of  copper 
cyanide  to  gold-plating  electrolytes. 

This  paper  gives  some  results  of  an  investigation  of  the  practical  possibility  of  obtaining  copper- gold 
alloys  by  electrodeposition  from  cyanide  electrolytes. 

The  procedure  consisted  of  the  production  of  alloy  coatings  on  silver  cathodes  under  various  conditions, 
and  analysis  of  the  deposits  for  copper  and  gold  by  the  usual  methods  [1,  7].  In  addition,  the  electrolytes  used 
were  also  analyzed  for  copper,  gold,  and  free  cyanide. 

The  electrolytes  used  were  of  the  following  compositions  (in  g/ liter): 

(Dl.BAu,  2Cu,  IBKCNfjgg;  (2)  1.8  Au,  8  Cu,  ISKCNj^^^;  (3)  1.8  Au,  12  Cu,  18  KCNf^g^;  (4)  1.8  Au, 
17.7  Cu,  18  KCNfjgg. 

The  electrolyte  temperature  in  all  the  experiments  was  62  ±  2*. 

Some  of  the  results  are  given  in  Figures  1-4. 

Polarization  curves  for  the  electrodeposition  of  Au— Cu  alloy  were  not  plotted,  as  the  simultaneous  dis¬ 
charge  of  hydrogen  ions  and  Cu(CN)  2  and  Au(CN)7  and  cations  greatly  complicates  the  interpretation  of  the 
relationship  between  the  cathode  potential  and  current  density,  and,  moreover,  depolarization  of  the  ion  dis¬ 
charge  process  occurs  in  the  formation  of  Cu—  Au  solid  solutions. 


Fig.  1.  Alloy  composition  — current  density 
relationship  for  different  electrolytes. 

A)  Cu  content  of  deposit  ipjo),  B)  current 
density  D^  (in  amp/ dm*). 

Curves:  l)  Electrolyte  1,  2)  Electrolyte  2, 
3)  Electrolyte  4. 


Fig.  2.  Relationship  between  copper 
contents  of  the  deposit  and  solution  at 
different  current  densities. 

A)  Cu  content  of  deposit  (pjo)^  B)  Cu 
content  of  solution  (g/  liter). 

Current  density  D  (in  amp/  dm*): 

1)  0.5,  2)  1.3,  3)  2.3,  4)  2.8. 


The  relationship  between  the  composition  of  the  electrodeposited  alloy  and  the  current  density  for  some 
of  these  electrolytes  is  plotted  in  Figure  1,  The  copper  content  of  the  deposit  increases  with  current  density  so 
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that  by  combined  variations  of  electrolyte  composition  and  current  density  it  is  possible  to  obtain  alloys  with  a 
fairly  wide  range  of  copper  contents  (from  0  to  hy  weight).  A  similar  conclusion  may  be  drawn  from 
Figure  2. 

According  to  literature  data  [1,  6J,  the  current  efficiency  decreases  with  increasing  current  density 
(Figure  3){  further,  it  follows  from  this  graph  that  the  cathode  current  efficiency  increases  with  decreasing 


ratio. 

^^^^und 

Figure  4  sliows  calculated  values  of  the  current  densities  for  the  discharge  of  different  ions,  and  their 
dependence  on  the  total  current  density. 


(CN)fi-ee 


It  follov.'s  from  these  results  that  both  the  total  current  density  for  the  discharge  of  metal- containing  com¬ 
plex  anions,  and  the  current  densities  corresponding  to  the  discharge  of  the  different  complex  anions,  reach 
limiting  values  at  considerable  cathode  current  densities  i.e,  in  this  case  fairly  pronounced  concentration  polari¬ 
zation  occurs  in  the  discharge  of  Cu(CN)J  and  Au(CN)7  anions,  in  agreement  with  earlier  findings  [2,  5]. 


Thus,  it  has  been  found  that  Cu— Au  electrolytes  can  be  obtained  in  a  fairly  wide  range  of  proportions  by 
the  electrolysis  of  cyanide  electrolytes;  the  copper  content  of  SO^o  by  weight  which  we  reached  is,  of  course, 
not  the  maximum  value  and  can  be  increased. 


The  purpose  of  this  investigations  was  to  obtain  gold  coatings  583  fine,  and  certain  additional  data  must 
be  given  in  relation  to  this  specific  object. 

First,  electrodeposited  gold  583  fine  (from  Electrolyte  4  at  =  1.8- 2.2  amp/ dm*)  differs  considerably 
in  color  from  gold  of  the  same  fineness  made  by  melting  the  components  together.  Electrodeposited  gold  583 
fine  has  a  pale  pink  color,  approaching  the  color  of  copper  deposits  from  cyanide  electrolytes. 

An  alloy  corresponding  in  color  to  gold  583  fine  can  also  be  obtained  by  electrodeposition,  but  the  com¬ 
position  of  this  deposit  varies  in  the  range  of  25  to  35yo  copper  by  weight. 

Therefore  alloys  of  different  colors  can  be  obtained  by  electrodeposition  of  Cu— Au  alloys  from  cyanide 
electrolytes  at  different  current  densities;  our  electrolyte  can  therefore  be  recommended  for  production  of 
decorative  gold  coatings  in  the  jewlry  industry,  in  order  to  save  gold  in  the  finishing  of  brass  and  silver  articles. 

The  best  conditions,  in  our  opinion,  are  the  following. 
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Fig.  3.  Variation  of  current  efficiency 
with  current  density  in  the  electrodepo¬ 
sition  of  Cu— Au  alloy, 

A)  Current  efficieiicyn-  ((y„),  B)  current 
density  Dj,  (in  amp/ dm*). 

Curves;  l)  Electrolyte  2,  2)  Electro¬ 

lyte  4. 
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Fig.  4,  Distribution  of  current  used  for  the 
discharge  of  different  ions  in  Electrolyte  4 
at  various  current  densities. 

A)  Current  densities  for  the  discharge  of 
different  ions  D^,i  (in  amp/ dm*),  B)  current 
density  (in  amp/  dm*). 

Current  used  in  the  discharge  of:  1)  Au(CN)^, 
2)  Cu(CN)  2  ,  3)  total,  for  discharge  of  com¬ 
plex  ions,  A)  H2. 
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Electrolyte  (in  g/ liter):  Au  (as  metal)  1.8- 2.0,  Cu  (as  metal)  18- 20,  18,  t=62i2*j 

anodes  —  pure  gold. 

Electrodeposition  conditions:  1)  Dj.  =  1.8- 2.2  amj/dm*,  time  2.5  minutes,  2)  1.1-1.3  amp/ dm*, 

time  1  minute. 

At  first  the  electrodeposition  is  carried  out  at  higher  current  densities,  and  the  deposit  formed  contains 
41.45  weight  <^0  copper;  after  2.5  minutes  the  current  density  is  decreased  to  1.1- 1.3  amp/ dm*  and  the  top 
layer  of  the  deposit  (0.4-0.46  fi  with  a  total  thickness  of  1.5-1.6  fi)  in  these  conditions  contains  29-34  welght«7o 
copper,  corresponding  in  color  to  cast  gold  583  fine.  In  this  way  the  consumption  of  gold  for  coating  articles 
can  be  decreased  by  34-  39^0,  while  the  external  and  anticorrosive  properties  of  the  coatings  ate  not  worsened 
but,  rather,  improved.  The  electrodeposlted  Au-Cu  alloy  is  considerably  harder  (by  about  40-60070)  than  pure 
gold,  and  is  therefore  more  resistant  to  wear. 

The  process  is  much  easier  with  the  use  of  gold  anodes  than  with  Cu“Au  anodes,  as  alloy  anodes  dissolve 
irregularly  and  a  considerable  part  of  the  gold  (5-80/0  by  weight)  passes  into  the  mud;  moreover,  alloy  anodes 
are  more  strongly  passivated. 

The  copper  content  of  the  electrolyte  is  adjusted  by  periodic  additions  of  basic  copper  carbonate  (freshly 
precipitated)  and  of  potassium  cyanide  in  the  required  proportions. 

Carbonate  accumulation  during  electrolysis  does  not  affect  the  conditions  for  electrodeposition  of  the 

alloy. 

In  view  of  the  tendency  for  gold  to  accumulate  in  the  electrolyte  because  of  the  higher  anode  current 
efficiency  as  compared  with  the  cathode  efficiency  (especially  if  it  is  taken  into  account  that  gold  represents 
~  0.5  of  the  cathode  current  efficiency),  the  gold  anodes  should  be  replaced  at  intervals  by  practically  insolu¬ 
ble  stainless  steel  anodes. 

Coatings  of  Cu—  Au  alloys  up  to  2.5  ^  thick  are  of  slightly  bright  appearance  without  the  dull  films 
characteristic  of  electrodeposlted  gold,  and  require  only  light  finishing  (polishing,  scraping)  to  give  the  neces¬ 
sary  luster. 


LITERATURE  CITED 

[1]  V.  N,  Lainer  and  N,  T,  Kudryavtsev,  Fundamentals  of  Electroplating,  I  (State  Sci.  Tech.  Press, 
Moscow,  1953);  U(1946).* 

[2]  A.  T,  Vagramyan,  Electrodeposition  of  Metals  (Izd,  AN  SSSR,  Moscow,  1950).* 

[3]  Engelhardt.  Die  Galvanotechnik.  Leipz.  (1933), 
t4j  Plating  and  Finishing  Guidebook  (New  York,  1943). 

[5J  L,  I.  Kadaner,  Latest  Achievements  on  Electroplating  (Kharkov  University  Press,  Kharkov,  1951),* 

[6]  Modern  Electroplating,  New  York,  (1953). 

[7]  G.  T,  Bakhvalov,  D,  N.  Birkgan,  and  V.  P,  Labutin,  Electroplater's  Reference  Book  (Metallurgy  Press, 
Mbscow,  1954).* 


Received  December  21,  1955 


*  In  Russian. 


845 


PRODUCTION  OF  OXALIC  ACID  FROM  HYDROLYTIC  LIGNIN 

A.  P.  Krasnova,  E.  A.  Parshina,  S.  I.  Sukahnovsky,  and  M.  I.  Chudakov 
All-Union  Scientific  Research  Institute  of  the  Hydrolysis  and  Sulfite  Alcohol  Industry 


Oxalic  acid  is  used  in  considerable  amounts  as  a  mordant  in  dyeing  and  printing  of  fabrics,  for  bleaching, 
for  precipitation  of  rare-earth  elements,  in  nonferrous  metallurgy,  in  the  paper  industry,  and  in  a  number  of 
other  branches  of  the  national  economy. 

This  acid  is  produced  mainly  by  two  processes;  a)  by  oxidation  of  various  food  carbohydrates  —  sugar, 
dextrin,  treacle,  molasses,  etc.  —  with  concentrated  nitric  acid;  b)  by  thermal  decomposition  of  sodium  for¬ 
mate  by  the  reaction 

HCOONa  -►  (COONa)2  +  Hg. 

The  sodium  oxalate  formed  is  converted  into  calcium  oxalate  by  the  action  of  calcium  hydroxide,  and 
then  into  oxalic  acid  after  treatment  with  sulfuric  acid. 

In  addition  to  these  processes,  older  methods  are  also  known,  such  as  the  fusion  of  various  vegetable 
materials  with  alkalies,  oxidation  of  a  mixture  of  sawdust  and  calcium  oxide  with  oxygen,  etc.  [IJ. 

At  the  present  time  oxalic  acid  is  made  in  the  USSR  from  food  materials,  and  therefore  the  development 
of  a  method  for  the  production  of  oxalic  acid  from  hydrolytic  lignin  was  of  definite  interest. 

It  is  known  that  oxidation  of  hydrolytic  lignin  in  a  neutral  medium  does  not  give  useful  results;  the 
yields  of  acids  do  not  exceed  8- !()"/„  on  the  weight  of  I’gnin.  Oxidation  of  lignin  in  an  acid  medium  generally 
gives  oxalic  acid  in  different  yields. 

The  literature  contains  very  numerous  patent  specifications  and  research  publications  on  the  oxidation  of 
lignin  with  nitric  acid. 

Heden  [2J  oxidized  lignin- containing  materials  with  nitrogen  oxides  and  obtained,  as  stated  in  his  patent, 
oxalic  and  picric  acids. 

Hagglund  [3J  treated  hydrochloric- acid  lignin  from  spruce  with  fuming  nitric  acid  on  a  water  bath.  He 
obtained  a  small  amount  of  acetic  acid,  but  no  oxalic  acid  was  obtained  by  this  method. 

Heuser  et  al.  [4J  studied  the  yields  of  oxidation  products  in  relation  to  the  nitric  acid  concentration. 

With  25^0  nitric  acid  only  4.2^^  of  oxalic  acid  was  obtained.  When  concentrated  nitric  acid  was  used,  the  yield 
rose  to  25.8pfo. 

Konig  151  obtained  oxalic  acid,  with  some  succinic,  by  the  oxidation  of  hydrochloric- acid  lignin. 

Horn  [6J  reported  that,  in  addition  to  oxalic  acid,  he  isolated  a  small  amount  of  mellitic  acid. 

Phillips  and  Goss  [7J  obtained  small  amounts  of  anisic  and  oxalic  acids  by  oxidation  of  methylated  lignin 
with  5  N  nitric  acid. 

Solechnik  [8J  studied  the  oxidation  of  hydrochloric- acid  lignin.  By  stepwise  treatment  of  lignin  with 
250/0  nitric  acid  he  succeeded  in  obtaining  up  to  20%  of  oxalic  acid.  He  determined  the  yield  by  titration  of 
the  oxalic  acid  with  permanganate. 

Kalb,  Plessmann,  and  Lorenz  [9J  treated  technical  lignin  with  nitric  acid,  sp.  gr.  1.4,  and  obtained  46.5% 
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yield  of  oxalic  acid  (as  crystals,  and  in  the  form  of  calcium  oxalate).  By  stepwise  treatment  with  additional 
amounts  of  nitric  acid,  sp,  gr.  1.48,  they  raised  the  yield  to  48.7^0  calculated  on  anhydrous  and  resin- free 
lignin.  On  addition  of  copper  nitrate  as  catalyst  the  yield  was  increased  to  58.9^0.  In  this  case  the  oxalic  acid 
was  obtained  in  the  form  of  copper  oxalate.  Isolation  of  the  acid  from  the  copper  salt  involves  certain  tech¬ 
nological  difficulties  and  results  in  definite  losses. 

These  authors  used  nitric  acid  of  sp,  gr.  1,40  and  1,48.  Such  concentrated  acids  are  considerably  dearer 
than  commercial  nitric  acid  of  sp.  gr.  1.38.  Our  calculations  have  shown  that  the  use  of  nitric  acid  of  sp.  gr. 
1,40  and  1.48  gives  relatively  costly  oxalic  acid,  so  that  this  method  is  not  economical. 

The  most  promising  process  for  the  production  of  oxalic  acid  from  lignin  would  be  one  which  gives 
crystalline  oxalic  acid  directly  in  the  oxidized  reaction  mass. 

The  methods,  proposed  and  described  by  many  authors,  for  production  of  oxalic  acid  in  the  form  of 
calcium  oxalate  involve  considerable  difficulties  in  the  decomposition  of  the  oxalate,  separation  of  calcium 
sulfate,  removal  of  impurities  from  the  oxalic  acid,  etc. 

The  purpose  of  our  investigation  was  to  examine  the  possibility  of  obtaining  crystalline  oxalic  acid  from 
different  kinds  of  hydrolytic  lignin  by  oxidation  with  commercial  nitric  acid  sp.  gr.  1.38  (61.2To/o)  without  addi¬ 
tions  of  acid  of  higher  concentration. 


EXPERIMENTAL 

25  g  of  technical  hydrolytic  lignin  (absolutely  dry)  was  added  in  small  portions  to  200  ml  of  nitric  acid 
(sp.  gr.  1.38).  The  reaction  should  be  carried  out  with  care;  in  some  cases  the  reaction  vessel  must  be  cooled 
in  cold  water  or  ice. 

At  the  end  of  the  exothermic  reaction  the  reaction  mass  was  heated  for  2.5  hours  on  the  water  bath  under 
reflux.  The  hot  solution  was  then  filtered  through  a  No.  1  glass  filter  to  remove  resinous  products,  and  the 
orange- red  filtrate  was  left  to  crystallize.  The  crystallization  was  continued  for  3-4  days  at  a  temperature 
below  0". 

Prolonged  crystallization  gave  beautiful  needlelike  crystals  of  oxalic  acid.  The  crystals  were  separated 
off  by  suction,  washed  with  a  small  amount  of  cold  nitric  acid  (sp,  gr.  1.38)  and  dried  in  a  vacuum  desiccator 
over  caustic  soda.  The  combined  filtrate  and  wash  liquors  were  again  heated  for  2  hours  on  the  water  bath 
under  reflux  and  then  evaporated  under  vacuum  (20  mm)  down  to  80-100  ml. 

The  residue  was  again  left  to  crystallize.  The  fresh  crop  of  crystals  was  filtered  off  by  suction,  washed 
with  nitric  acid,  and  dried. 

The  oxalic  acid  remaining  in  the  filtrate  was  precipitated  as  calcium  oxalate;  this  was  filtered  off,  washed , 
dissolved  on  the  filter,  and  then  determined  by  permanganate  titration. 

This  description  shows  that  the  crystallization  was  effected  in  two  stages.  Kalb  et  al.  [9J  recommend 
threefold  heating  and  threefold  crystallization.  Our  investigation  showed  that  if  the  duration  of  the  first  and 
second  crystallizations  is  increased  the  third  crystallization  becomes  unnecessary,  as  it  only  gives  a  small 
increase  of  the  yield. 

The  material  used  for  the  study  was  technical  lignin  from  sulfuric  acid  hydrolysis,  with  the  following 
characteristics  (p/n):  ash  4.0,  reducing  substances  by  Bertrand’s  method  0.24,  acids  calculated  as  sulfuric  0.5, 
difficultly  hydrolyzable  polysaccharides  15.0,  methoxyl  groups  11.3. 

We  also  studied  lignin  made  by  treatment  of  pine  chips  with  supersaturated  hydrochloric  acid  of  sp,  gr. 

1.41  in  the  cold  (ash  reducing  substances  by  Bertrand's  method  2.3(yp,  difficultly  hydrolyzable  poly¬ 

saccharides  2.^r,  methoxyl  12.2yp  by  the  Viebock  and  Schwappach  method). 

Technical  lignin  from  sulfuric  acid  hydrolysis  was  used  in  three  forms:  a)  ground  in  a  ball  mill,  b)  resin- 
free  and  ground  in  a  ball  mill,  c)  with  difficultly  hydrolyzable  polysaccharides  removed,  and  ground  in  a  porce¬ 
lain  mortar. 

Hydrochloric- acid  lignin  was  first  washed  with  water  to  remove  residual  acid,  then  dried,  and  ground  in  a 
mortar. 
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The  oxidation  of  hydrolytic  lignin  with  nitric  acid,  sp  gr.  1.38,  is  an  extremely  vigorous  reaction  ac¬ 
companied  by  copious  evolution  of  brown  oxides  of  nitrogen,  especially  during  the  first  stage  of  the  reaction, 
with  external  cooling  of  the  reaction  mass. 

We  found  that  it  was  essential  to  maintain  the  necessary  conditions  for  the  first  stage  of  the  reaction  with 
great  care:  the  lignin  must  be  added  in  small  portions  and  the  reaction  mass  held  for  sufficient  time  to  com¬ 
plete  the  exothermic  reaction. 

If  the  first  reaction  stage  was  carried  out  rapidly  and  incompletely,  the  mass  was  thrown  up  into  the 
condenser  during  the  subsequent  heating,  with  loss  of  the  product  and  failure  of  the  experiment. 

The  solution  obtained  after  treatment  on  the  water  bath  contains  considerable  amounts  of  resinous  products, 
which  hinder  crystallization  of  the  oxalic  acid  and  must  therefore  be  filtered  off.  Several  experiments  were, 
carried  out  on  filtration  of  the  mass  through  different  porous  materials.  No.  1  glass  filters  proved  the  most 
suitable  for  the  purpose. 

The  oxalic  acid  formed  as  the  result  of  oxidation  of  lignin  is  present  in  the  following  reaction  products: 

1)  crystals  from  the  first  and  second  crystallizations,  2)  resin,  3)  mother  liquor  after  the  second  crystallization. 

TABLE  1 


Results  of  Experiments  on  the  Production  of  Oxalic  Acid 


Starting  material 

hfield  of  oxalic  acid  (%  on  the  lignin) 

total 

crystalline 

Lignin  from  sulfuric  acid  hydro- 

lysis,  ground  in  ball  mill 

34.6 

23.4 

Ditto,  resin- free 

36.7 

28.8 

Ditto,  free  from  difficultly  hydro 

lyzable  polysaccharides 

44.4 

38.6 

Hydrochloric- acid  lignin 

49.0 

38.0 

The  crystals  from  the  first  and  second  crystallizations  were  combined,  washed  with  nitric  acid,  dried, 
and  weighed. 

The  resin  and  mother  liquor  were  treated  as  follows.  The  substanees  were  dissolved  in  alkali  and  water 
and  transferred  to  a  measuring  flask.  Aliquot  portions  were  taken,  made  neutral  to  litmus,  acidified  with  acetic 
acid,  and  calcium  chloride  solution  was  added  to  precipitate  oxalate. 


Apparatus  for  determination  of  the  nitric  acid  balance  in  the  oxidation  of 
lignin. 

The  residue  on  the  filter  was  washed  with  warm  acetic  acid,  dissolved  in  sulfuric  acid,  and  oxalic  acid 
in  the  filtrate  was  determined  by  titration  with  permanganate. 

The  average  results  of  a  series  of  experiments  on  the  production  of  oxalic  acid  from  different  samples  of 
hydrolytic  lignin  (calculated  on  the  absolutely  dry  lignin)  are  given  in  Table  1. 
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The  tabulated  results  show  that  the  yield  of  oxalic  acid  depends  on  the  conditions  of  the  preliminary 
treatment  of  the  lignin. 

Lignin  free  from  polysaccharides  gave  the  highest  yield  of  oxalic  acid,  of  all  the  hydrolytic  lignin 
samples;  the  total  yield  was  44.4^0.  and  the  yield  of  crystalline  acid,  38.6o/o, 

Hydrochloric- acid  lignin  which,  as  is  known,  is  more  reactive  than  lignin  from  sulfuric  acid  hydrolysis, 
gave  the  highest  overall  yield  of  oxalic  acid,  49.0yo. 

The  treatment  of  the  reaction  products,  including  filtration  and  resin  separation,  has  certain  specific 
characteristics  for  different  varieties  of  lignin.  Resinous  impurities  were  the  easiest  to  separate  from  the 
reaction  products  obtained  from  hydrolytic  lignin  free  from  polysaccharides,  and  from  hydrochloric- acid 
lignin. 

For  an  economic  appraisal  of  this  method  for  the  production  of  oxalic  acid  it  was  important  to  determine 
the  consumption  of  nitric  acid  per  kg  of  oxalic  acid  obtained. 

The  technology  of  nitric  acid  production  now  has  at  its  disposal  carefully  worked  out  methods  for  re¬ 
covery,  oxidation,  and  utilization  of  nitrogen  oxides. 

In  the  production  of  oxalic  acid  from  lignin,  regeneration  of  nitric  acid  can  be  effected  at  three  stages 
of  the  process;  l)  during  the  initial  reaction  between  lignin  powder  and  nitric  acid;  2)  while  the  reaction 
mixture  is  being  heated  on  the  water  bath  under  reflux;  3)  during  vacuum  evaporation  of  the  solution. 

The  apparatus  shown  in  the  Figure  was  assembled  for  trapping  nitrogen  oxides  during  the  first  and  second 
stages.  At  the  second  stage  a  reflux  condenser  was  connected  to  the  apparatus.  Nitrogen  oxides  mixed  with  air 
passed  through  seven  washed  bottles.  Five  of  these  contained  water,  and  the  last  two  were  filled  with  0.1  N 
potassium  dichromate  containing  sulfuric  acid.  At  the  end  of  the  reaction  the  aqueous  solutions  were  com¬ 
bined  and  the  absorbed  nitric  acid  was  determined  by  titration.  The  nitrogen  oxides  caught  by  the  dichromate 
were  determined  idometrically. 

The  results  of  these  determinations  are  given  in  Tables  2  and  3. 


TABLE  2  TABLE  3 

Nitric  Acid  Recovery  Consumption  of  Nitric  At 

/-V _ ..15^  K 

lid  (sp.gr.  1.38)  per  1  kg  of 

Operation 

.  r  .  .  .  1  /  .  r  '-'AailC 

Amount  of  nitric  acid  ((%  of 

amount  used)  Original  lignin 

Consumption  of  nitric  acid 
per  1  kg  of  oxalic  acid 

Vacuum  evaporation 
Trapping  as  nitrogen 
oxides 

It  follows  from  th 
acid  used  can  be  recovt 
centration)  for  oxidatio 

20 

total 

crystalline 

40  Technical  hydrolytic 

lignin,  untreated 

lese  data  that  60o/„  of  the  nitric  Hydrochloric- acid 
sred  and  used  again  (after  con-  lignin 

11  of  lignin  and  production  of 

14.5 

10.3 

21.4 

13.2 

oxalic  acid. 

The  data  in  Table  3  show  that  the  consumption  of  nitric  acid  for  oxalic  acid  production  is  least  if 
hydrochloric- acid  lignin  is  used.  The  production  of  1  kg  of  oxalic  acid  from  hydrochloric- acid  lignin  requires 
about  10  kg  of  nitric  acid,  sp.  gr.  1.38. 

Therefore  hydrochloric- acid  lignin,  a  by-product  of  the  production  of  glucose  from  wood,  can  be  success¬ 
fully  utilized  as  a  raw  material  for  oxalic  acid  production. 


SUMMARY 

1.  In  a  study  of  a  method  for  the  production  of  oxalic  acid  by  oxidation  of  lignin  with  nitric  acid  of 
sp.gr.  1.38,  it  was  shown  that  lignin  from  sulfuric  acid  hydrolysis  of  wood,  and  hydrochloric- acid  lignin  can 
yield  35  and  49^.  of  oxalic  acid  respectively. 


2.  The  consumption  of  nitric  acid,  sp.gr.  1.38,  per  1  kg  of  oxalic  acid  was  determined,  and  found  to 
vary  between  10.3  and  14.5  kg  for  different  lignin  samples. 

3.  It  was  found  that,  of  the  samples  studied,  hydrochloric- acid  lignin  is  the  most  promising  raw  material 
for  oxalic  acid  production. 
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DISTILLATION  OF  DIKETENE  SOLUTIONS 


P.  A .  Levin 


The  solutions  formed  as  the  result  of  polymerization,  in  acetone,  of  the  products  of  ketene  pyrolysis  of 
acetone  contain  85-90»/o  acetone,  10-12);o  diketene,  1-1. 5yo  acetic  anhydride,  and  up  to  lof,.  polymerization 
products. 

The  solution  components  do  not  form  azeotropes,  but  require  different  distillation  conditions  (acetone 
boils  at  56*,  and  acetic  anhydride  and  diketene  at  139.5  and  127.4°  respectively,  and  diketene  undergoes  poly¬ 
merization). 

A  two- stage  distillation  process  proved  to  be  the  most  rational.  The  first  stage  is  simple  distillation  of 
acetone  until  the  temperature  in  the  still  reaches  70°.  At  this  temperature  diketene  does  not  polymerize  to  any 
extent  if  diluted  with  acetone.  In  this  way  90- 93^^  of  the  acetone  present  is  removed  from  the  solution,  and  a 
residue  builds  up  in  the  still,  enriched  with  diketene  (diketene  solution),  containing  bO-GO'rf^  diketene,  30-50% 
acetone,  2.5- 7<»?^  acetic  anhydride,  and  2-125^  resins.  Acetone  losses  do  not  exceed  1%.  The  diketene  content 
of  the  acetone  distillate  does  not  exceed  0.5%,  with  traces  of  acetic  anhydride.  The  acetone  so  obtained  is 
practically  anhydrous  and  is  excellent  material  for  pyrolysis  and  absorption  of  ketene. 

The  second  stage  is  vacuum  rectification  of  the  diketene  solution,  when  the  diketene- acetic  anhydride 
mixture  is  separated  into  its  components  (the  vapor  pressures  of  diketene  and  acetic  anhydride  are  plotted  in 
Figure  1).  The  still  is  heated  to  70*  and  the  degree  of  vacuum  is  gradually  increased  in  such  a  way  that  the 
solution  boils  but  the  temperature  of  the  contents  of  the  still  does  not  rise.  After  the  residual  acetone  has  dis¬ 
tilled  over,  diketene  distills  when  a  definite  degree  of  vacuum  is  reached.  The  vacuum  is  then  maintained 
constant  until  the  end  of  the  distillation.  A  residual  pressure  of  50  mm  Hg  is  suitable  as  the  working  pressure. 

A  temperature— composition  diagram  for  this  pressure  is  given  in  Figure  2.  At  higher  pressures  appreciable 
resinification  of  diketene  takes  place. 


A 


Fig.  1.  Vapor  pressure  curves  for  diketene  (1) 
and  acetic  anhydride  (2). 

A)  Temperature  (*),  B)  vapor  pressure  (mm 
Hg). 


A 


Fig.  2.  Temperature- composition  diagram 
for  diketene—  acetic  anhydride  mixture  (50 
mm  Hg). 

A)  Temperature  (*),  B)  Composition  (molar%). 
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Graphical  calculation  based  on  the  equilibrium  curve  for  diketene—  acetic  anhydride  mixture  (Figure  3) 
shows  that  the  column  required  should  be  equivalent  to  4-6  theoretical  plates  for  mixtures  close  in  composition 
to  diketene  solutions,  for  production  of  99%  diketene.  Similar  values  are  given  by  reverse  calculations  based  on 
results  of  trial  distillations  of.  mixtures  of  diketene  with  acetic  anhydride,  with  the  aid  of  Obolentsev  and  Frost’s 
formulas. 


The  diketene  solutions  were  distilled  over  a  Pyrex  column  packed  with  single- turn  glass  spirals.  Distilla¬ 
tion  of  solutions  of  the  optimum  composition,  containing  (on  the  diketene)  7.5-10.7'^-  acetic  anhydride  and 
5. 5-6. 5%  resin,  gave  diketene  containing  0.5-2%  acetic  anhydride.  The  reactivity  of  this  product  is  higher  than 
that  of  pure  diketene,  as  acetic  anhydride  probably  catalyzes  many  reactions  of  diketene.  The  diketene  yield 
reaches  9CW.,  1.5-3%  is  resinified,  and  7-9%  diketene  remains  in  the  still. 


A 


Acetic  anliydride,  which  is  always  present  with 
resin  impurities  in  the  solutions,  diminishes  the  dike¬ 
tene  yield  owing  to  resinification,  and  the  polymeriz¬ 
ing  action  of  acetic  anhydride  increases  as  distillation 
of  diketene  proceeds,  as  the  still  contents  become 
richer  in  acetic  anhydride.  An  increase  of  the  acetic 
anhydride  content  from  9  to  27%  relative  to  diketene 
in  the  diketene  solution  decreases  the  diketene  yield 
by  7-7  The  action  of  acetic  anhydride  is  especi¬ 
ally  pronounced  under  distillation  conditions  which 
are  harsh  with  respect  to  diketene.  If  the  distillation 
of  a  diketene  solution  containing  16.4^,  acetic  anhy¬ 
dride  relative  to  the  diketene  is  interrupted  and  re¬ 
sumed  on  the  following  day,  the  yield  falls  from  841^- 
(under  normal  conditions)  to  65- 6&^-.  v>^hile  resinifica¬ 
tion  of  diketene  reaches  14%  instead  of  1.8%. 


Fig.  3.  Equilibrium  curve  for  diketene- acetic 
anhydride  mixtures  (50  mm  Hg). 

A)  Diketene  (mole  fractions),  B)  acetic  anhy¬ 
dride  (mole  fractions). 


A  small  amount  of  picric  acid  added  to  the  solu¬ 
tion  stabilizes  diketene  and  raises  its  yield  by  10-15or>. 
The  optimum  addition  of  picric  acid  is  0.3?>^  (on  the 
diketene). 


Polymers,  resins,  dehydracetic  acid, and  other 
polymerization  products  of  ketene  and  diketene  do  not 
catalyze  further  polymerization  but  raise  considerably  the  boiling  point  of  the  diketene  solutions.  Under  equi¬ 
valent  conditions,  less  diketene  is  distilled  from  resinified  solutions.  For  example,  distillation  of  solutions 
containing  0  ,  7.7  ,  25,  28.4^.  polymers  gave  diketene  yields  of  93,  85.6,  81.4,  80. 5n/n  respectively.  The 
residues  contained  1,  8.2,  14.0,  18.3%  diketene  respectively.  Increase  of  the  degree  of  vacuum  or  of  the 
temperature  only  allows  of  a  slight  increase  of  the  diketene  yield  with  detrimental  effect  on  the  quality,  or 
leads  to  resinification  of  the  diketene  in  the  still  by  acetic  anhydride. 


Thus  the  results  of  the  stages  of  acetone  pyrolysis  and  ketene  dimerization  prior  to  rectification  deter¬ 
mine  the  distillation  results  to  a  considerable  extent,  as  most  of  the  acetic  anhydride,  resins,  and  dehydracetic 
acid  is  formed  during  these  stages. 


During  the  production  of  diketene, solutions  accumulate  with  high  contents  of  acetic  anhydride  and  resins, 
and  a  relatively  low  diketene  content.  These  are  mainly  the  still  residues  of  the  pyrolysis  and  vacuum  distilla¬ 
tion  stages. 

In  the  31st  sample  of  such  solutions  studied,  the  composition  varied  within  fairly  wide  limits:  0.5-46% 
diketene,  11-41%  acetic  anhydride,  30-79t/„  resins.  Pyrolysis  residues  also  contain  over  50%  acetone. 

In  exhaustive  fractional  distillation  of  solutions  containing  diketene  and  acetic  anhydride  in  1  :  2-5 
rations,  under  a  diketene  distillation  pressure  of  15  mm  Hg,  the  maximum  overall  yield  of  diketene  does  not 
exceed  40^.,  with  55%  acetic  anhydride.  The  diketene  distillate  is  of  very  poor  quality.  Additional  rectification 
over  a  very  efficient  vacuum  column  is  necessary  for  the  production  of  good- quality  diketene.  With  a  high 
content  of  acetic  anhydride,  a  considerable  part  of  the  diketene  will  be  polymerized  in  the  process. 
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Instead  of  extraction  of  diketene  from  the  still  residues,  it  is  preferable  to  take  advantage  of  the  tendency 
of  diketene  to  polymerize  readily,  to  resinify  it,  and  to  distill  off  the  acetic  anhydride,  which  may  be  used  for 
diketene  production  and  other  purposes.  The  acetic  anhydride  can  easily  be  converted  into  the  lower- boiling 
acetic  acid  and  distilled  off  m  that  form. 

Heterocyclic  bases,  mineral  acids,  and  alkalies  are  vigorous  catalysts  of  diketene  polymerization.  Sul¬ 
furic  acid  was  tested  for  the  polymerization  of  diketene  in  the  still  residues.  It  is  nonvolatile  at  the  boiling  point 
of  acetic  anhydride,  it  does  not  interact  with  acetic  acid  or  acetic  anhydride,  and  is  the  most  powerful  catalyst. 

With  the  use  of  concentrated  sulfuric  acid,  after  resinification  of  the  diketene,  a  distillate  was  obtained 
at  150“  consisting  of  several  components  difficult  to  separate  (including  acetic  anhydride).  The  best  results  are 
obtained  by  distillation  of  the  still  residues  with  62j/o  sulfuric  acid,  the  amount  taken  being  10^;^  on  the  weight 
of  the  diketene,  or  with  a  mixture  of  sulfuric  acid  with  the  calculated  quantity  of  water.  From  a  solution  con¬ 
taining  7.2)/ri  diketene  and  35. acetic  anhydride  it  is  possible  to  distill  off  a  mixture  of  acetic  acid  and  acetic 
anhydride  in  yield.  The  distillate  is  practically  free  from  diketene. 

SUMMARY 

Isolation  of  diketene  from  acetone  solutions  containing  acetic  anhydride,  resins,  and  dehydracetic  acid, 
is  effected  in  two  stages,  with  the  temperature  in  the  still  not  greater  than  70"  at  each  stage.  The  first  stage  is 
distillation  of  acetone,  and  the  second  is  rectification  of  diketene  solutions.  In  this  way  it  is  possible  to  obtain 
diketene  in  yields  up  to  90^  and  to  distill  off  practically  all  the  acetone. 

The  diketene  remaining  in  the  still  residues,  enriched  with  acetic  anhydride,  should  not  be  isolated  as 
such,  but  completely  polymerized  by  means  of  sulfuric  acid  in  presence  of  water,  with  the  acetic  anhydride 
distilled  off  in  the  form  of  acetic  acid. 


Received  February  27,  1956 
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CAUSES  OF  CRUMBLING  OF  ION-EXCHANGE  RESINS 


V.  P.  Meleshko,  O.  V.  Cher  vinskay  a ,  M.  N.  Romanov,  and  D.  R.  Izmailova 

The  Voronezh  Radio  Component  Works 


It  was  found  during  the  use  of  an  ion- exchange  unit  for  water  demineralization  [IJ  that  EDE-10  cation- 
exchange  resin  has  a  great  tendency  to  crumble.  The  lines  formed  are  carried  away  when  the  resin  is  loosened 
before  regeneration,  leading  to  losses  of  the  costly  material.  Moreover,  the  decrease  of  the  grain  size  of  the 
material  raises  the  resistance  of  the  bed  to  water  and  so  lowers  the  capacity  of  the  unit. 

In  this  investigation  the  causes  of  crumbling  of  EDE-10  resin  and  possible  ways  of  increasing  its  service 
life  were  studied.  The  results  presented  in  this  paper  revealed  the  mechanism  of  grain  breakdovvn  in  easily 
swelling  ion- exchange  resins.  Conditions  for  the  preliminary  treatment  of  EDE-10  resin  with  salt  solution,  more 
favorable  than  those  laid  down  in  the  technical  specifications*  ,  were  also  found. 

The  work  was  performed  with  commercial  samples  of  EDE-10  and  AN-2F  anion- exchange  resins,  with 
grains  larger  than  1  mm  in  the  air- dry  state  before  the  experiments.  A  separate  sample  of  10  g  of  resin  was 
taken  for  each  experiment.  After  the  necessary  preparation  the  resin  was  put  into  a  glass  column  1  cm*  in 
cross  section  at  25  cm  high  for  the  treatment.  The  experiment  was  concluded  with  sieve  analysis  of  the  resin 
after  extraction  from  the  column  and  drying  for  3  hours  at  60“ . 

In  the  first  series  of  experiments  the  effect  of  the  number  of  operating  cycles  on  the  crumbling  of  the  resin 
was  studied.  The  operating  cycle  comprised:  loosening  of  the  resin,  regeneration  with  0.25  N  caustic  soda 
solution,  washing  with  demineralized  water  to  remove  excess  regenerating  solution,  and  saturation  with  0.005  N 
hydrochloric  acid  solution.  The  seven  samples  of  resin  taken  for  these  experiments  were  first  swollen  in  water. 
The  first  resin  sample  was  subjected  to  sieve  analysis  after  one  operating  cycle,  the  second  after  two  cycles, 
etc.  The  last  sample  was  analyzed  after  seven  operating  cycles.  The  experimental  results  are  given  in  Table  1. 

TABLE  1 

Granulometric  Composition  of  EDE-10  Anion-Exchange  Resin  as  a 

Function  of  the  Number  of  Operating  Cycles  ipjo  on  the  weight  of  sample) 


Num¬ 

ber 

of 

cycles 

Composition  of  resin  ipjc  on  the  sample  we 
grain  diameters  (in  mm) 

ight)  by 

1.0 

1.0-  0.5 

0.5-0.25 

1 

25.90 

43.49 

20.92 

9.69 

2 

23.80 

46.36 

18.90 

10.94 

B 

22.69 

45.15 

20.69 

11.47 

4 

17.23 

41.03 

27.83 

13.91 

5 

20.69 

45.38 

22.99 

10.94 

6 

15.68 

37.76 

30.16 

16..39 

7 

16.(!9 

40.32 

28.17 

14.82 

•  Ministry  of  Chemical  Industry  USSR,  Departmental  Technical  Specification  No.EU- 58-54  for  EDE-IO-P  anion- 
exchange  resin. 
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TABLE  2 

Granulometric  Composition  of  EDE-10  and  AN-2F  Anion- Exchange  Resins  after 
Successive  Stages  of  the  Operating  Cycle 


Resin  fractious 
after  experi¬ 
ments  (in  mm) 

Resin  composition  (p!„  on  the  sample  weight) 

EDE-10  1 

AN-2F 

water 

water, 

alkali 

water, 

alkali, 

acid 

water 

water, 

alkali 

water, 

alkali, 

acid 

Over  1.0 .... 

29.3 

1 

29.8 

29.8 

91.6  ^ 

88.1 

90.0 

1.0-0.5 . 

38.5 

41.2 

42.7 

6.6 

10.4 

8.2 

0.5-0.26 _ 

27.0 

21.0 

20.0 

1.0 

0.8 

1.0 

Less  than  0.25 

5.2 

8.0 

7.4 

1 

0.9 

0.7 

0.8 

TABLE  3 

Granulometric  Composition  of  Anion- Exchange  Resins  after  Swelling  in  Water 
and  in  Sodium  Chloride  Solutions  of  Various  Concentrations 


Resin 

Resin  frac¬ 
tions  after 
experiments 
(in  mm) 

Composition  of  resins  (<^  on  the  sample  weight) 
after  swelling 

in  water 

in  sodium  chloride  solution  (.o/o) 

5 

10  1 

20 

30 

! 

Over  1.0  ^ 

29.3 

61.9 

69.0 

83.4 

90.6 

1 

1.0— 0.5' 

38.5  ' 

23.1 

21.1 

11.6 

6.0 

EDE-10 

1 

0.5—0.25 

27.0 

9.7 

7.6 

3.2 

1.9 

1 

5.2 

5.3 

2.4 

1.8 

1.5 

Over  1.0 

91.6 

84.5 

90.8 

90.5 

91.4 

1 

1.0— 0.5 

6.5 

13.1 

8.8 

9.2 

9.3 

AN-2F  i 

1 

0.5-0.25 

1.0 

0.3 

0.2 

0.1 

0.1 

1 

Less  ,  0.25 

0.9 

2.1 

0.2 

0.2 

0.2 

than 

It  follows  from  the  tabulated  data  that  crumbling  of  the  resin  occurred  mainly  during  the  first  operating 
cycle.  It  follows  that  the  resin  breaks  down  not  as  the  result  of  friction  between  the  particles,  but  through 
other  causes.  These  could  be  either  the  preliminary  treatment  of  the  resin  (soaking  in  water  for  swelling),  or 
one  of  the  stages  of  the  operating  cycle  (regeneration  with  alkali,  saturation  with  acid).  To  settle  this  question, 
the  granulometric  compositions  of  three  resin  samples  were  determined.  One  was  soaked  in  water,  the  second 
was  soaked  in  water  and  then  treated  with  0.25  N  caustic  soda  solution,  and  the  third  was  treated  with  water, 
alkali,  and  0.1  N  hydrochloric  acid  solution.  The  experimental  results  are  given  in  Table  2. 

These  results  show  that  breakdown  of  the  resin  occurs  on  immersion  in  water  for  swelling.  The  cause  of 
this  can  be  explained  on  the  basis  of  the  swelling  mechanism  of  ion- exchange  resins.  Swelling  is  the  result  of 
hydration  of  polar  active  groups  and  of  the  gegenions  neutralizing  them,  and  of  the  osmotic  pressure  which 
arises  in  the  resin- solution  system  [2],  The  distribution  of  forces  on  which  the  amount  of  water  entering  a 
particle  depends  is  represented  by  the  following  equation  [3]: 

•  TTj  =iro  cv  (l) 

where  tt  £  is  the  osmotic  pressure  of  the  solution  in  the  resin  phase,  if  is  the  osmotic  pressure  of  the  external 
solution,  V  is  the  volume  increase  of  the  resin,  and  c  is  the  elasticity  modulus  of  the  space  network  of  the  resin. 

The  left  side  of  Equation  (1)  represents  a  factor  which  favors  swelling  of  the  resin,  and  the  right  side 
represents  obstacles  to  swelling. 
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TABLE  4 


Granulometric  Composition  of  Anion-Exchange  Resins  Swollen  in  Water  and  in  3(X7o  NaCl 
Solution  after  Treatment  with  NaOH  Solutions  of  Various  Concentrations 


Resin 

Resin  frac¬ 
tions  after 
experiments 
(in  mm) 

i 

C  nnpos 

ition  of  resinsffyo  on  the  sample  wt.)  after  swelling 

in  water 

1 

in  NaCl 

Normality  of  NaOH 

0.1 

0.25 

0.5 

1.0 

0.1 

0.25 

0.5 

J.O 

( 

Over  1.0 

31.0 

33.6 

33.5 

31.0 

79.2 

08.4 

69.5 

68.4 

1.0— 0.5 

43.0 

41.8 

41.6 

42.3 

21.3 

24.5 

23.2 

24.7 

EDE-10  1 

0.5—0.25 

19.6 

17.2 

18.0 

18.6 

4.5 

5.6 

5.5 

5.4 

1 

Less  0.25  • 

0.5 

7.4 

6.9 

8.1 

1.3 

1.5 

1.7 

1.5 

f 

chau 

Over  1-0 

89.4 

88.4 

84.4 

85.2 

93.4 

92.7 

86.9 

_ 

1 

1.0— 0.5 

9.7 

10.4 

14.4 

13.4 

6.2 

7.1 

12.8 

— 

AN-2F  \ 

0.6—0.25 

0.5 

0.6 

0.6 

0.7 

0.2 

0.2 

0.2 

— 

( 

Less  ^'25 

0.4 

0.6 

0.6 

0.7 

0.2 

0.2 

0.1 

— 

than 

TABLE  5 


Granulometric  Composition  of  EDE-10  Anion- 
Exchange  Resin  Swollen  in  30^0  NaCl  Solution 
after  10  Operating  Cycles 


Resin  fractions 
after  experi¬ 
ments  (in  mm) 

Composition  of  resin  (as^^o 
of  total  resin  in  sample) 

Experiment 

No.l 

Experiment 
No.  2 

Over  1.0 

45.8 

48.7 

1.0-0,5 

37.0 

36.0 

0.5-0.25 

12.4 

10.7 

Less  than  0.25 

4.8 

4.7 

The  mechanism  of  resin  crumbling  can  be  repre¬ 
sented  as  follows.  When  the  dry  resin  is  immersed 
in  water,  the  water  molecules  migrate  at  high  speeds 
into  the  particles.  The  resultant  abrupt  change  of  the 
particle  volume  leads  to  rupture  of  the  bonds  between 
the  unit  cells  of  the  polymer,  and  so  to  its  crumbling. 

In  addition,  the  new,  smaller  particles  will  have  micro¬ 
crevices  which  will  lead  to  further  breakdown  during 
use  of  the  resin  with  the  accompanying  volume 
changes.  The  greater  is  •  relative  to  ,  the  greater 
will  be  the  increase  of  particle  volume  and  the  prob¬ 
ability  of  its  breakdown.  In  actual  conditions  this 
corresponds  to  swelling  of  the  resin  in  pure  water. 


However,  if  both  the  amount  of  water  which  can  enter  the  particle  and  its  entry  velocity  are  diminished, 
the  swelling  will  proceed  more  smoothly.  As  the  bonds  in  the  space  network  are  not  subjected  to  violent  stresses, 
the  resin  will  not  break  down.  The  particle  will  acquire  elasticity  and  hence  stability  to  the  subsequent  relatively 
small  volume  changes  as  it  passes  from  one  ionic  state  into  another,  and  on  changes  of  solution  concentration. 

It  follows  from  Equation  (l)  that  the  necessary  effect  can  be  attained  by  increase  of  the  osmotic  pressure  of  the 
solution  used  for  swelling  the  resin. 


This  was  confirmed  by  experiments  in  which  sodium  chloride  solutions  of  various  concentrations  were  used 
to  swell  the  resins.  The  results  of  these  tests  are  given  in  Table  3. 

It  follows  from  these  results  that  the  higher  the  concentration  of  the  salt  solution,  the  less  does  EDE-10  resin 
break  down  in  swelling.  The  granulometric  composition  of  AN-2F  resin  does  not  depend  on  the  composition  of 
the  solution  in  which  it  swells. 


The  following  experiments  were  performed  to  determine  the  effect  of  preliminary  treatment  of  the  resin 
with  salt  solution  on  its  stability  in  use.  Resin  samples,  swollen  in  3Q^o  sodium  chloride  solution  or  in  water,  were 
treated  with  NaOH  solutions  of  various  concentrations  and  their  granulometric  composition  was  then  determined 
(Table  4).  In  another  series  of  experiments  the  crumbling  of  EDE-10  resin  swollen  in  3(Plo  NaCl  solution  after  10 
operating  cycles  was  studied  (Table  5). 

The  results  of  these  experiments  showed  that  pretreatment  of  dry  EDE-10  resin  with  salt  solutions  of  high 
concentrations  increases  its  service  life  considerably.  This  can  be  seen  particularly  clearly  by  comparison  of 
Tables  1  and  5. 


856 


AN-2F  resin  has  high  mechanical  strengtli  and  its  crumbling  in  use  is  practically  independent  of  the 
composition  of  the  solution  used  for  swelling  the  dry  resin. 
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preparation  of  4(5)-NITR0IMIDAZ0LE-5(4)-CARB0XYLIC  ACID 
FROM  TECHNICAL  4  ( 5  )-('H  Y  DROX  Y  M  E  T  H  Y  L  )IMID  A  ZOLE 


L.  P.  Kulev  and  R.  N,  Gireva 
The  S,  M.  Kirov  Polytechnic  Institute,  Tomsk 


4(5)- Nitroimidazole- 5(4)- carboxylic  acid  is  of  considerable  interest  as  an  intermediate  in  the  synthesis 
of  xanthine  and  its  methylated  derivatives  —  caffeine  and  theobromine  [1,  2J. 

This  acid  was  first  prepared  by  Windaus  and  Opitz  [3J  from  4(5)-(0-hydroxyethyl)imidazoie.  Later  Fargtier 
and  Pyman  [4J  attempted  to  find  a  more  convenient  method  for  the  preparation  of  nitroimidazolecarboxylic 
acid  from  other  imidazole  derivatives,  but  were  not  successful,  A  relatively  convenient  method  for  synthesis  of 
tlie  nitro  acid  from  methylimidazole  was  developed  by  Windaus  and  Langenbek  [5J.  However,  despite  the  im¬ 
provements  to  this  method  introduced  by  Allsebrook,  Gulland,  and  Story  [IJ,  it  is  still  fairly  complicated  and 
the  yield  is  not  more  than  23-24’/)  of  the  theoretical. 

One  ofiis,  jointly  with  Rozhkov  [6j,  proposed  a  new  metliod  for  preparation  of  4(5)- nitroimidazole- 5(4)- 
carboxylic  acid,  based  on  nitration  of  4(5)-(hydroxymethyl)  imidazole  hydrochloride  with  subsequent  oxidation 
of  the  nitro  product  formed  in  the  reaction.  The  advantage  of  this  method  over  others  lies  in  the  simplicity  of 
the  synthesis,  the  availability  of  the  starting  materials,  and  the  considerably  higher  yield  of  the  nitro  acid  (63^,,). 
An  important  disadvantage,  especially  in  production  conditions,  is  the  need  to  use  large  amounts  of  picric  acid 
for  isolation  of  4(5)-(hydroxymethyl)  imidazole  from  the  reaction  mixture. 

The  aim  of  the  present  investigation  was  to  simplify  the  synthesis  of  4(5)- (hydroxy  methyDimidazole 
by  elimination  of  the  picrate  stage  and  to  increase  the  yield  of  4(5)- nitroimidazole- 5(4)-carboxylic  acid. 

The  4(5)-  (hydroxymethyl)imidazole  necessary  for  synthesis  of  the  nitro  acid  was  obtained  from  invert  sugar  by 
a  method  developed  by  one  of  us  jointly  with  Onishchuk  [7],  but  with  important  simplifications*.  In  view  of  the  fact 
that  a  mixture  of  sulfuric  and  nitric  acids  is  used  for  conversion  of  4(5)- (hydroxymethyl)imidazole  into  the  nitro  acid, 
it  is  more  convenient  to  isolate  the  (hydroxymethyl)imidazole  from  the  reaction  mixture  as  the  sulfate;  despite  its 
high  content  of  impurities  (mainly  Na2S04)  it  is  quite  suitable  for  production  of  pure  nitroimidazolecarboxylic  acid 
in  good  yield.  To  carry  out  the  reaction  in  the  required  direction  it  is  necessary  to  maintain  strictly  the  temperature 
conditions  at  the  nitration  and  oxidation  stages,  as  it  is  essential  that  the  first  stage  precedes  the  second; 


/N - CH 

HC<f  II 

\NH— G-CHgOH 

H2SQ4 


nitration 

39-'i2'’ 


HC 


N - C-NO2 

\  'I 

\NH-C-CH2On 

H2SO4 


oxidation 

98—100° 


HG 


N - G-NO2 

\  II 

\NH— G-GOOH. 


Otherwise,  oxidation  of  the  alcoholic  group  gives  imidazolecarboxylic  acid,  into  the  molecule  of  which  a 
nitro  group  cannbt  be  introduced  under  any  conditions. 


•  There  are  other  methods  lor  preparation  of  4 (5)- (hydroxymethyl)  imidazole;  for  example,  from  symmetrical 
dichloroacetone  or  from  glucose  by  way  of  sorbose  [8J. 
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EXPERIMENTAL 


Preparation  of  4(5) -QiyJroxymethyl)  imidazole  sulfate.  To  935  ml  of  25%  ammonia  solution  in  a  round- 
bottomed  flask  fitted  with  a  reflux  condenser  222  g  of  basic  copper  carbonate  was  gradually  added  with  stirring 
until  it  was  dissolved  as  completely  as  possible.  To  the  solution  was  added  150  ml  of  30%  formaldehyde  solu¬ 
tion,  615  ml  of  water,  and  an  invert  sugar  solution  obtained  on  heating  from  180  g  of  sucrose  in  1000  ml  of 
water  with  5  ml  of  concentrated  sulfuric  acid.  The  mixture  was  heated  for  2  hours  on  the  water  bath  (the 
temperature  of  the  mixture  was  90-95*)  with  a  stream  of  air  passed  continuously  through  the  solution;  the 
heating  was  then  stopped  but  the  air  was  passed  for  6-8  hours,  the  liquid  was  cooled  to  10“,  the  brown  precipi¬ 
tate  of  the  copper  complex  of  4  (5)- (hydroxy methyl)  imidazole  was  filtered  off,  washed  thoroughly  with  water, 
suspended  in  600  ml  of  water,  and  acidified  (at  40-50")  with  sulfuric  acid  solution  (1:3)  until  weakly  acid  to 
litmus.  After  several  hours  copper  was  precipitated  (at  40-50")  with  30%  sodium  sulfide  solution,  care  being- 
taken  that  the  medium  remained  weakly  acid  to  the  end  of  the  precipitation,  the  precipitate  was  filtered  off 
and  washed  with  water,  and  the  filtrate  was  evaporated  on  the  water  bath  down  to  600-700  ml.  The  precipi¬ 
tate  formed  on  cooling  (Na2S04,  CuS  and  S)  was  filtered  off,  washed  with  a  small  amount  of  cold  water,  acti¬ 
vated  carbon  (20-40  g)  and  sodium  hydrosulfite  (2-3  g)  was  added  to  the  solution,  and  the  liquid  was  heated 
for  10-15  minutes  at  the  boil.  The  filtered  liquid  was  evaporated  almost  to  dryness  on  the  water  bath  and 
finally  dried  under  vacuum  at  60-65"  to  constant  weight.  The  technical  product  so  formed  (110-140  g)  was  a 
pale  yellow,  highly  hygroscopic  resinous  mass,  and  contained  31-45  g  of  pure  4(5)-(hydroxymethyl)imidazole 
sulfate.  The  yield  was  34.4-50%  calculated  on  fructose  (the  percentage  was  determined  from  the  weight  of 
the  picrate  formed  from  a  separate  sample  of  the  aqueous  solution  of  the  technical  sulfate). 

For  good  yields  of  the  nitro  acid,  absence  of  moisture  in  the  starting  material  is  very  important. 

Preparation  of  4(5)-nitroimidazole-5(4)-carboxvlic  acid.  To  a  mixture  of  81  ml  of  fuming  nitric  acid 
and  207  ml  of  concentrated  sulfuric  acid  (1.84)  119  g  of  the  dry  crude  4(5)-(hydroxymethyl)imidazole  sulfate 
containing  39,9  g  of  the  pure  sulfate  was  added  in  small  portions  with  vigorous  stirring  (the  temperature  of  the 
mixture  was  not  allowed  to  exceed  30").  The  flask  was  covered  with  a  watch  glass,  placed  in  a  thermostat, 
and  warmed  first  at  39-40"  for  6  hours,  and  then  at  41-42"  for  10  hours.  With  strict  observance  of  the  tempera¬ 
ture  conditions  the  nitration  proceeds  with  very  slight  evolution  of  oxides  of  nitrogen,  which  indicates  that  the 
oxidation  reaction  is  not  taking  place.  The  contents  of  the  flask  were  poured  out  into  a  porcelain  basin,  the 
crystals  were  rinsed  from  the  walls  of  the  flask  with  a  small  amount  of  water,  this  liquid  was  added  to  the  solu¬ 
tion,  the  basin  was  covered  with  a  watch  glass,  and  heated  on  a  boiling  water  bath  until  liberation  of  nitrogen 
oxides  ceased.  To  ensure  completion  of  the  oxidation  reaction,  10-15  ml  of  nitric  acid  (sp.gr,  1.4)  should  be 
further  added  to  the  heated  reaction  mixture.  The  solution  was  evaporated  to  about  2/  3  of  its  initial  volume, 
cooled,  poured  into  750  ml  of  ice-cold  water,  and  left  to  stand  for  8-10  hours.  The  precipitated  crystals  of 
nitroimidazolecarboxylic  acid  were  filtered  off,  washed  several  times  with  small  portions  of  ice-cold  water, 
and  dried.  The  fine  needles  had  m.p.  304-305"  (in  a  sealed  capillary).  By  Allsebrook's  data,  m.p.  of  the 
acid  is  302-303*  with  decomposition.  After  neutralization  of  the  filtrate  with  crystalline  sodium  carbonate  to 
a  weakly  acid  reaction  some  more  of  the  nitro  acid  was  obtained.  The  yield  was  26.91  g  (84.2yo). 

The  nitroimidazolecarboxylic  acid  prepared  by  this  method  is  fairly  pure  and  can  be  used  without  re¬ 
crystallization  for  synthesis  of  its  derivatives. 


SUMMARY 

A  method  has  been  developed  for  the  preparation  of  pure  4(5)-nitroimidazole-5(4)-carboxylic  acid 
from  technical  4(5)-(hydroxymethyl)imidazole  sulfate,  isolated  from  the  reaction  mixture  without  the  use  of 
picric  acid. 
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VACUUM-THERMAL  DECOMPOSITION  OF  HYDROLYTIC  LIGNIN 
FROM  COTTON  HULLS  IN  THE  LIQUID  PHASE* 

V  .  G .  Panasy uk 

The  F.  E.  Dzerzhinsky  Institute  of  Chemical  Technology,  Dnepropetrovsk 


The  second  type  of  raw  material  tested  for  processing  by  vacuum- thermal  decomposition  in  the  liquid 
phase  was  cotton-hull  lignin  from  the  Fergana  hydrolysis  works. 

Dry  distillation  of  this  lignin  yielded  over  8<yo  tat.  From  the  tar,  up  to  2yo  of  low- boiling  phenols  (up  to 
230*)  was  isolated,  with  the  predominant  fraction  boiling  between  198  and  210*  [1]. 

The  vacuum- thermal  decomposition  process  was  the  same  as  that  used  for  wood  lignin:  at  first,  heavy 
fractions  (above  230*)  of  the  dry- distilled  tar  were  used  for  making  the  paste,  and  then  automobile  lubricating 
oil  and  anthracene  oil. 


EXPERIMENTAL 

The  tar  used  as  paste  former  for  the  first  cycle  was  obtained  by  dry  distillation  of  cotton-hull  lignin 
(fraction  boiling  above  230*),  The  lubricating  oil  and  anthracene  oil  were  used  without  prior  distillation,  as 
they  begin  to  boil  above  230*.  Lubricating  oil  was  used  only  to  find  whether  the  chemical  composition  of  the 
paste  former  used  in  our  process  has  any  influence  on  the  yield  of  the  tar  fraction  of  the  distillate.  Lubricating 
oil  satisfies  the  requirements  for  a  paste  former  with  regard  to  its  boiling  point,  but  not  its  chemical  composi¬ 
tion. 

The  different  yields  of  substances  obtained  from  cotton-hull  lignin  by  dry  distillation  and  by  the  vacuum - 
thermal  process  with  the  use  of  different  tars  are  given  in  Table  1, 

By  the  yields  obtained,  dry  distillation  is  in  no  way  comparable  with  vacuum- thermal  decomposition. 

When  dry- distillation  tar  and  anthracene  oil  were  used  for  the  decomposition,  high  yields  of  tar  were 
obtained  —  3  or  4  times  as  much  as  by  dry  distillation.  Quite  different  results  were  obtained  when  lubricating 
oil  was  used  as  paste  former.  In  the  first  cycle  with  lubricating  oil  (Experiment  No.  4),  high  yield  of  carbon, 
gas,  and  water  were  obtained.  Only  in  the  second  cycle,  when  the  lubricating  oil  became  somewhat  enriched 
with  lignin  decomposition  products,  the  tar  yield  rose  to  15.4fyo.  A  tar  yield  of  nearly  24yo  was  obtained  only 
after  the  third  cycle.  Therefore  the  chemical  composition  of  the  paste  former  influences  the  yield  in  the 
vacuum- thermal  process.  If  the  lubricating  oil  is  recycled  further,  it  undergoes  considerable  cracking  so  that 
the  tat  yield  greatly  decreases. 

As  for  wood  lignin,  the  best  paste  former  is  anthracene  oil,  in  presence  of  which  maximum  liquefaction 
of  lignin  is  obtained. 

To  determine  the  yields  of  light  tar  fractions  from  cotton-hull  lignin  in  presence  of  anthracene  oil,  and 
also  after  return  of  heavy  fractions  of  the  paste  former  to  the  subsequent  process,  experiments  similar  to  those 
previously  carried  out  with  wood  lignin  were  carried  out,  with  investigation  of  the  paste  former. 

♦  Communication  U  in  the  series  on  the  thermal  processing  of  hydrolytic  lignin.  A.  K.  Veselovsky  and  N.  I, 
Kvitsinsky  took  part  in  the  experimental  work. 
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TABLE  1 

Yields  by  Different  Methods  of  Thermal  Decomposition  of  Cotton- Hull  Lignin 


^ixperi- 

ment 

No. 

j 

Duration 

(hours) 

Pressure 
(mm  Hg) 

1  Yields  («Jr  on 

lignin) 

Process 

EH 

carbon 

tar  j 

pyrolytic 

water 

guS  am 
losses 

1 

Dry  distillation 

8 

460 

757 

.59.2 

8.:i 

21.4 

11.1 

2 

Decomposition  in 
own  tar,  1:1.5 
Decomposition  in 
anthracene  oil, 

1.5 

460 

40 

50.0 

26.7 

11.7 

11.6 

1:1.5 . 

1.5 

460 

40 

55.0 

!K).5 

7.5 

7.0 

4 

Dittp,  in  lubricat- 
oil,  1:1.5  .  . 

2.0 

460 

(;o 

66.2 

14.3 

19.5 

6 

Ditto,  in  heavy  hac 
tions  from  Ex- 

periment  No.  4 

2.0 

460 

()0 

62.2 

15.4 

12.5 

9.9 

6 

Ditto,  from  Exp. 
No.  5  ^ 

2.0 

460 

60 

.58.:{ 

23.7 

9.0 

9.0 

The  yields  obtained  in  the  process  are  given  in  Table  2, 

TABLE  2 

Yields  in  Vacuum- Thermal  Decomposition  of  Cotton- Hull  Lignin  in  Anthracene  Oil 


Paste;  1  part  lignin,  1,5  parts  tar 


Yields  {itir  on  li 

gnin) 

Paste  former 

carbon 

tar 

pyrolytic 

water 

g.as  and 
losses 

Aiituiacene  oil . . 

55.0 

30.5 

7.5 

7.0 

Tar  after  1st  cycle . 

.58.7 

21.3 

7.5  . 

1 2.5 

Ditto,  after  2nS  cycle . 

58.3 

21.8 

10  1 

10.6 

Ditto,  after  3rd  cycle . 

60.0 

23.8 

6.3 

9.9 

Ditto,  after  4th  cycle . 

.56.2 

23.7 

10.0 

10.1 

Ditto,  after  5tli  cycle . 

55.2 

28.0 

10.0 

6.5 

Ditto,  after  6tl)  cycle . 

53.7 

27.5 

7.5 

11.3 

Ditto,  after  7t!i  cycle . 

55.0 

28.3 

7.6 

9.1 

The  process  was  carried  out  under  the  same  (most  favorable)  conditions:  time  90  minutes,  final  tempera¬ 
ture  460",  pressure  40  mm  Hg. 

The  yields  given  for  each  experiment  are  average  values  for  four  parallel  determinations,  the  fluctuations 
of  the  tar  yields  being  ±  2yo. 

Comparison  of  the  results  obtained  in  the  decomposition  of  cotton-hull  lignin  and  of  wood  lignin  in 
anthracene  oil  reveals  the  same  situation  in  both  cases:  after  the  first  cycle  of  the  paste  former  the  yield  of 
tar  falls  sharply,  but  subsequently  the  paste  former  evidently  becomes  enriched  in  lignin  liquefaction  products 
and  causes  the  tar  yield  to  increase  gradually. 

These  experiments  show  that  anthracene  oil  is  a  good  medium  for  cotton-hull  lignin  and  can  be  re¬ 
cycled  a  large  number  of  times.  The  paste  former  becomes  stabilized  after  the  3rd,  and  esjiecially  after  the 
5th  cycle. 

Analytical  data  on  the  paste  formers,  i.e,,  the  original  anthracene  oil  and  tar  (fraction  above  230")  after 
each  cycle  are  given  in  Table  3, 
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TABLE  3 


Distillation  Data  and  Group  Composition  of  Paste  Formers 


Distillates  (<^r)  1 

Group  composition  (pjr) 

Paste  former 

1 

1 

lip  to 
300* 

300- 360*  1 
1 

residue 

acids 

phenols 

bases 

neutral 

substance 

Anthracene  oil . 

8.3 

63.0 

28.7 

3.94 

0.98 

1.97 

91.77 

Tar  above  230”,  after 

1st  cycle . 

10.8 

58.5 

30.7 

1.6 

2.7 

4.5 

90.8 

Ditto,  after  2nd  cycle 

14.5 

62.1 

23.4 

2.3 

4.3 

6.1 

87.3 

Ditto,  after  3rd  cycle 

23.3 

51.5 

25.2 

2.5 

8.8 

4.3 

83.7 

Ditto,  after  4tli  cycle 

21.9 

5.5.1 

23.0 

2.3 

11.5 

4.0 

82.2 

Ditto,  after  5th  cycle 

21.9 

54.0 

24.1 

2.0 

12.8 

2.7 

82.5 

Ditto,  after  6tli  cycle 

20.1 

56.7 

23.1 

1.1 

14.8 

3.1 

80.0 

Ditto,  after  7th  cycle 

14.8 

i 

.59.5 

25.7 

1.1 

14.7 

3.5 

81.5 

For  more  complete  characterization  of  the  paste  formers,  their  densities,  molecular  weights,  and  ele¬ 
mentary  composition  were  determined. 

The  results  are  given  in  Table  4. 

TABLE  4 

Ana’lysis  of  Paste  Formers 


Paste  former 

density 

Molecula* 

weight 

M 

Contents  (o^  on  the 
organic  matter) 

^4 

c 

11 

Anthracene  oil . 

1.118 

199.8 

92.88 

5.81 

Tar  above  230",  after  1st 
cycle  . 

1.102 

213.2 

91.02 

6.23 

Ditto,  after  2nd  cycle  .... 
Ditto,  after  3ra  cycle  .... 

1.071 

209.6 

89.90 

6.10 

1.056 

207.0 

89.84 

6.27 

Ditto,  after  4th  cycle  .... 

1.072 

209.4 

90.12 

6.08 

Ditto,  after  5th  cycle  .... 

1.070 

208.0 

89.73 

0.05 

Ditto,  after  6th  cycle  .... 

1 .076 

210.8 

89.08 

5.87 

Ditto,  after  7th  cycle  .... 

1.071 

210.0 

88.54 

5.93 

The  paste  former  changes  little  either  in  density  or  in  molecular  weight  on  recycling.  For  example,  the 
density  of  anthracene  oil  is  1.118;  this  decreases  somewhat  and  then  becomes  stablized.  The  same  is  true  of 
the  molecular  weight,  which  increases  at  first,  and  then  remains  almost  unchanged. 

The  most  characteristic  value  in  the  thermal  liquefaction  process  is  the  hydrogen  content  of  the  paste 
former.  It  has  been  noted  by  numerous  workers  [2]  that  in  thermal  liquefaction  under  the  pressure  of  its  own 
vapor  a  solvent  acts  as  a  hydrogenating  agent,  yielding  its  hydrogen  to  form  new  molecules  from  the  substance 
being  liquefied.  For  example,  when  coal  was  liquefied  in  tetralin,  naphthalene  was  always  found  in  the  solvent. 

If  ordinary  liquefaction  occurred  in  the  vacuum- thermal  process,  the  hydrogen  content  of  the  paste  former 
should  gradually  decrease  with  increasing  number  of  cycles,  and  therefore  the  paste  former  should  be  augmented 
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with  fresh  portions  of  the  original  anthracene  oil. 

In  reality,  however,  the  situation  is  different  — the  hydrogen  content  of  the  paste  former  does  not  decrease 
as  it  is  recycled,  but  remains  almost  at  the  same  level.  The  only  conclusion  can  be  that  in  this  case  the  usual 
thermal  liquefaction  of  lignin  does  not  occur,  and  that  we  have  a  peculiar  liquid-phase  process  taking  place  in 
presence  of  the  tar  paste  former. 

The  yield  of  carbon  in  this  process  is  the  same  as  in  dry  distillation,  and  its  quality  is  exactly  the  same. 
The  considerably  higher  tar  yield  (fractions  up  to  230*)  can  be  partially  attributed  to  purely  physical  factors  — 
rapid  and  uniform  heat  conduction,  absence  of  local  overheating,  absence  of  an  exothermic  reaction,  and 
rapid  removal  of  the  decomposition  products  from  the  heated  zone.  All  this  minimizes  the  occurrence  of 
secondary  processes  and  therefore  increases  the  tar  yield.  The  chemical  composition  of  the  paste  former  is 
evidently  also  significant  in  this  process. 

In  our  work  on  the  vacuum- thermal  decomposition  of  cotton- hull  hydrolytic  lignin  in  the  liquid  phase  we 
were  interested  in  the  end  products  —  the  middle  tar  fraction  up  to  230*,  and  the  crude  carbon.  Low- boiling 
phenol  fractions  can  be  isolated  from  the  tar,  while  the  carbon  can  be  activated  to  yield  active  carbon  for 
decolorizing. 

The  group  composition  of  the  middle  tar  fraction  (in<yo)  was:  acids  2.8,  phenols  43.3,  bases  2,5,  neutral 
substances  51.0. 

It  is  seen  that,  as  in  the  middle  tar  fraction  from  wood  lignin,  phenols  and  neutral  substances  predominate. 

A  total  yield  of  ll-127o  phenols  is  obtainable  on  the  weight  of  dry  cotton-hull  lignin  by  vacuum- thermal 
decomposition,  which  is  nearly  as  much  as  is  obtainable  from  wood  lignin  by  the  same  process. 

In  addition  to  phenols,  neutral  substances  (mainly  hydrocarlx)ns)  can  be  isolated  from  the  middle  fraction, 
in  15fyo  yield  on  the  dry  lignin.  Aromatic  hydrocarbons,  such  as  benzene  and  xylenes,  predominate. 

The  carbon  is  easily  activated,  and  its  clarifying  power  is  somewhat  better  than  that  of  standard  decoloriz¬ 
ing  carbon. 


SUMMARY 

1,  The  vacuum- thermal  process  of  decomposition  in  the  liquid  phase  has  been  tested  for  cotton-hull 
lignin  and  was  found  to  give  results  as  good  as  for  wood  lignin. 

2,  Anthracene  oil  gives  a  considerable  increase  of  the  yield  of  the  middle  tar  fraction  up  to  230*. 

3,  The  composition  of  the  anthracene  oil  becomes  stabilized  in  the  course  of  repeated  recycling  and 
good  yields  of  tar  are  obtained  with  its  use. 

4,  The  yield  of  phenols  from  lignin  is  increased  5  to  6- fold  by  the  vacuum- thermal  decomposition 
process,  which  makes  lignin  a  valuable  source  of  light  phenol  fractions. 
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SYNTHESIS  OF  DIVINYL  ESTERS  OF  DIBASIC  ACIDS 


M,  F,  Shostakovsky,  A.  M.  Shur,  and  B.  F,  Fill  mo  n  o  v 


Vinyl  acetate,  which  readily  polymerizes  to  yield  high  polymers,  is  widely  used  in  technology  owing  to 
the  relatively  simple  synthesis  of  it  from  acetylene  and  acetic  acid  in  presence  of  catalysts  [1],  The  main  rea¬ 
son  why  vinyl  esters  of  other  acids  are  used  much  less  is  that  there  are  no  convenient  methods  for  their  prepara¬ 
tion. 

A  number  of  serious  difficulties  are  met  in  effecting  the  reaction  between  acetylene  and  dibasic  acids, 
as  these  acids  are  solids  which  cannot  be  obtained  in  vapor  form  without  decomposition.  In  view  of  the  rela¬ 
tively  high  melting  points  of  these  acids,  side  reactions  may  occur  during  their  fusion,  leading  to  a  sharp  de¬ 
crease  in  the  yields  of  the  main  products,  so  that  the  reaction  cannot  be  conveniently  carried  out  in  the  liquid 
phase.  Nevertheless,  divinyl  esters  of  dibasic  acids  are  of  considerable  practical  interest,  as  they  yield  infusi¬ 
ble  and  insoluble  polymerization  products  with  a  three-dimensional  structure. 

Although  the  method  developed  by  Sladkov  and  Petrov  [2J  for  vinylation  of  dibasic  acids  by  the  enol  form 
of  acetaldehyde  gives  yields  of  divinyl  esters  of  the  order  of  30~  GQpJo,  it  requires  the  preliminary  conversion  of 
the  acids  into  anhydrides  or  acid  chlorides,  the  use  of  large  amounts  of  organic  bases,  and  very  thorough  drying 
of  the  reactants.  This  complicates  the  synthesis  and  makes  it  less  suitable  for  practical  preparations. 

The  method  used  in  the  present  investigation  for  the  preparation  of  divinyl  esters  of  glutaric  adipic, 
pimelic,  and  sebacic  acids  was  transesterification  with  vinyl  acetate.  Although  this  method  has  often  been  used 
for  synthesizing  vinyl  esters  of  monobasic  acids  [3J,  hardly  anyone  has  i  ^sted  its  suitability  for  the  prepara¬ 
tion  of  divinyl  esters  of  dibasic  acids. 

EXPERIMENTAL 

The  original  vinyl  acetate,  after  distillation,  was  a  colorless  transparent  liquid  with  b.p,  73*  and  n%  = 
1,395.  The  mercuric  acetate  used  as  catalyst  for  the  transesterification  was  made  by  the  action  of  heat  on  a 
mixture  of  3.5  g  of  mercuric  oxide  and  7  ml  of  acetic  acid;  when  the  resultant  colorless  clear  solution  was 
cooled,  it  solidified  to  a  white  crystalline  mass  which  was  used  in  that  form  without  further  purification,  IQQpJo 
sulfuric  acid  was  made  by  mixing  of  concentrated  sulfuric  acid  with  the  calculated  amount  of  oleum. 

Preparation  of  diyinyl  adipate.  The  first  experiments  were  carried  out  by  a  method  similar  to  that  de¬ 
scribed  in  the  literature  [3]  for  production  of  vinyl  esters  of  monobasic  acids. 

After  excess  vinyl  acetate  had  been  distilled  off  on  the  water  bath,  the  distillation  flask  contained  a 
solid  crystalline  product  which  was  found  to  be  unreacted  adipic  acid.  Therefore  divinyl  adipate  was  not  formed 
in  this  case. 

Positive  results  were  achieved  by  the  second  method  of  synthesis.  Into  a  three- necked  flask  fitted  with  a 
stirrer  and  a  dropping  funnel  and  connected  to  a  straight  condenser,  there  was  put  22  g  of  adipic  acid,  30  ml  of 
vinyl  acetate,  0.4  g  of  mercuric  acetate,  and  40  mg  of  lOOry,,  sulfuric  acid.  The  mixture  was  heated  to  the  boil, 
and  fresh  vinyl  acetate  was  added  from  the  dropping  funnel,  with  continuous  stirring,  at  a  rate  equivalent  to 
the  distillation  rate.  Because  of  the  fact  that  the  acetic  acid  formed  in  the  reaction  was  distilled  off  together 
with  vinyl  acetate,  the  equilibrium  was  displaced  in  the  direction  of  divinyl  ester  formation. 

After  the  distillate,  consisting  mainly  of  vinyl  acetate,  had  been  treated  with  sodium  carbonate  to 


remove  acetic  acid  and  again  distilled,  it  was  returned  to  the  reaction  flask  through  the  dropping  funnel.  This 
addition  and  distillation  of  vinyl  acetate  was  continued  for  15  hours.  After  separation  of  the  precipitate  which 
deposited  on  cooling,  the  remaining  liquid  was  treated  with  sodium  acetate  to  remove  free  sulfuric  acid,  and 
the  unreacted  vinyl  acetate  was  distilled  off  (the  temperature  of  the  liquid  was  raised  to  125°).  Distillation  of 
the  residue  at  10  mm  Hggave  7gof  a  fraction  (25<y(,  of  the  theoretical  yield)  boiling  at  118-125".  According  to  literature 
data[4J,  divinyl  adipate  boils  at  110-125"  at  10  mm  Hg.  Because  of  the  lack  of  more  precise  information  on  this  ester, 
it  was  investigated  further. 

Because  of  the  low  yield  of  the  ester  by  the  second  method,  it  was  replaced  by  the  following  method, 
which  gave  somewhat  better  results.  Into  a  flask  connected  to  a  trap  of  the  type  used  for  determination  of 
water  by  the  Dean  and  Stark  method  and  for  azeotropic  esterification,  there  was  put  15  g  of  adipic  acid,  0.6  g 
of  mercuric  acetate,  75  ml  of  vinyl  acetate,  and  30  mg  of  IOOpJo  sulfuric  acid,  and  the  mixture  was  boiled  on 
the  water  bath.  The  acetic  acid  which  was  distilled  off  together  with  vinyl  acetate  was  neutralized  with  soda 
which  was  put  into  the  receiver,  and  the  acid- free  acetate  was  returned  (by  overflow)  into  the  reaction  flask. 
After  20  hours  the  heating  was  stopped,  the  sulfuric  acid  was  neutralized  with  the  calculated  amount  of  sodium 
acetate,  and  the  fraction  up  to  125"  was  distilled  off  (with  the  thermometer  in  the  liquid).  Distillation  of  the 
residue  under  vacuum  gave  12  g  iSQpJo  of  the  theoretical  yield)  of  an  ester  boiling  at  105-106*  at  4  mm  Hg, 
identical  with  the  product  obtained  in  the  second  experiment. 


TABLE  1 

Conditions  for  the  Synthesis  of  Divinyl  Esters  of  Dibasic  Acids 


.'^moujits  of  components  | 

1  1 

1  ■.  1 

Yield  of  ester 

Divinyl  ester 
of 

Melting 
point 
of  acid 
(") 

organic  acids 
(g) 

mercuric  ace¬ 
tate  (g) 

vinyl  acetate 
(g) 

O 

X 

rH 

Boiling 
point 
of  ester 

n 

Pressure  (mm  H 

Duration  of  reac 
tion  (hours) 

in  g 

as  <J!c  of 
theoretical 

1 

Glutaric  acid* 

92—95 

15 

0.(5 

75 

30 

00 

1 

3 

20 

8 

36 

Adipic  acid** 

J 50 -151 

15 

0.6 

75 

30  j 

118—125 

105—106 

10 

4 

j  20 

12 

60 

Pimelic  acid 

101—103 

10 

0.4 

50 

20  1 

132—135 

143_145 

1  * 

25 

4 

36 

Sebacic  acid 

131—133 

25 

1 

125 

50  1 

134—135 

162—162 

2 

10 

1  20 

16 

51 

Synthesis  of  divinyl  glutarate,  pimelate,  and  sebacate.  Divinyl  glutarate,  pimelate,  and  sebacate  were 
prepared  by  the  third  method.  The  quantitative  proportions  of  the  starting  materials,  the  reaction  conditions, 
yields,  and  boiling  points  of  the  esters  are  given  in  Table  1,  and  the  analytical  data  are  given  in  Table  2. 

All  the  divinyl  esters  are  colorless  liquids  immiscible  with  water,  with  a  characteristic  odor.  When 
heated  in  presence  of  1%  of  benzoyl  peroxide  in  sealed  tubes  at  50"  for  30  minutes,  they  are  converted  into 
colorless,  transparent  glassy  polymers. 


♦  A  fraction  boiling  at  119-120°  at  3  mm  Hg,  which  solidified  on  cooling,  was  also  obtained;  the  experi¬ 
mentally  determined  molecular  refraction  (36-65)  was  very  close  to  the  theoretical  value  calculated  for 
monovinyl  glutarate (37,249). 

•  •  A  further  30  ml  of  fresh  vinyl  acetate  was  added  15  hours  after  the  start  of  the  reaction.  When  divinyl  adi¬ 
pate  is  cooled  to  12.5-13.5"  it  sets  to  a  solid  mass  of  platelike  crystals. 
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TABLE  2 


Results  of  Investigation  of  Divinyl  Esters 


Af«;j 

Elementary  analysis 

Divin^l  ester 

«20 

.20 

'*20 

calcu¬ 

lated 

weight 

taken 

(g) 

Of.  H 

"d 

found 

CO, 

<g) 

HiO 

(g) 

found 

<;alcu- 

lated 

found 

calcu¬ 

lated 

Glutaric  acid 

1.4589 

1.0876 

46.14 

46.40  j 

0.1.315 

0.1286 

0.2817 

0.2771 

0.0762 

0.0758 

58.40 

58.84 

58.70 

6.44 

6.61 

6.52 

Adipic  acid 

1.4540 

1.0505 

.50.86 

51.07  1 

0.1130 

0.1499 

0.3178 

0.3331 

0.0914 

0.0948 

60.63 

60.66 

60.60 

7.11 

7.03 

7.08 

Pimelic  acid 

1.4589 

1.0439 

55.37 

55.70  j 

0.13.31 

0.1403 

0.3060 

0.3192 

0.0892 

0.0939 

62.80 

62.20 

62.80 

7.44 

7.45 

7.65 

Sebacic  acid 

1.4603 

0.9940 

69.22 

70.20  j 

1.1401 

0.1620 

0.3401 

0.3926 

0.1084 

0.1276 

66.30 

66.20 

66.15] 

8.60 

8.76 

8.67 

SUMMARY 

1.  A  method  has  been  developed  for  the  synthesis  of  divinyl  esters  of  dibasic  acids  from  the  corresponding 
acids  and  vinyl  acetate,  and  this  method  was  used  for  the  synthesis  of  divinyl  glutarate  and  pimelate,  not  de¬ 
scribed  previously,  the  yields  being  3&7o  of  the  theoretically  calculated. 

2.  All  the  esters  are  converted  into  colorless  transparent  resins  when  heated  with  \aj„  of  benzoyl  peroxide 
for  30  minutes  at  50*. 
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lODOMETRIC  DETERMINATION  OF  GALLIC  ACID 


E,  O.  Turgel 


Gallic  acid  has  long  attracted  the  attention  of  research  workers  as  a  substance  allied  to  the  tannins  and 
often  met  with  the  latter  in  many  vegetable  products  (tanning  materials,  tea,  etc.).  It  is  used  for  the  produc¬ 
tion  of  pyrogallol,  in  the  synthesis  of  certain  dyes,  and  for  other  purposes.  Several  papers  published  in  recent 
years  have  dealt  with  the  use  of  gallic  acid,  and  especially  of  its  esters,  as  antioxidants.  This  makes  quantita¬ 
tive  determination  of  this  substance  a  question  of  practical  importance. 

Colorimetric,  volumetric  (acidimetric  and  iodometric),  and  gravimetric  methods  have  been  used  for  this 
purpose  [Ij.  The  colorimetric  and  acidimetric  methods  are  far  from  always  applicable,  while  the  gravimetric 
method  is  very  laborious.  Iodometric  methods  are  therefore  worthy  of  attention. 

Iodometric  determination  of  gallic  acid  has  been  studied  by  a  number  of  workers,  who  proposed  several 
different  methods  based  on  the  intention  of  gallic  acid  with  standard  iodine  solutions  [2J  in  presence  of  sodium 
bicarlxjnate  [3,  4j  or  hydroxide  [5J.  We  were  unable  to  obtain  satisfactory  results  by  these  methods  owing  to 
considerable  discrepancies  between  parallel  determinations.  We  also  concluded  that  a  solution  of  the  problem 
lies  in  the  use  of  the  reaction  between  gallic  acid  and  standard  iodine  solution  in  presence  of  caustic  alkali. 

The  problem  thus  reduces  to  a  quantitative  study  of  the  reaction  between  these  substances  and  the  develop¬ 
ment  of  a  method  which  gives  reproducible  results. 

The  nature  of  the  reaction  itself  was  not  investigated.  There  is  reason  to  believe  that  it  consists,  at  least 
predominantly,  of  oxidation  with  formation  of  ellagic  acid  and  probably  of  other  substances  [6,  7], 


EXPERIMENTAL 

Gallic  acid  was  used  both  in  the  form  of  the  crystalline  hydrate  and  in  the  anhydrous  form,  obtained  by 
careful  drying  of  the  crystalline  hydrate  at  95-98*  to  constant  weight.  Schering's  gallic  acid  (reinst  kristallisiert) 
was  used  in  most  experiments,  and  in  some  others  Schering— Kahlbaum  gallic  acid  was  used  (Table  1). 

In  certain  experiments  a  tliird  sample,  obtained  by  two- fold  crystallization  of  the  first,  was  used. 

To  determine  the  quantitative  relationship  between  the  gallic  acid  concentration  in  the  solution  and  the 
amount  of  iodine  used,  20  ml  of  0.1  N  iodine  solution  was  added  to  10  ml  of  gallic  acid  solution,  followed  by 
drop- wise  additions  of  different  volumes  of  0.1  N  caustic  soda  solution;  the  solutions  were  acidified  after 
different  time  intervals,  and  the  liberated  excess  iodine  was  titrated  with  thiosulfate  solution. 

The  experiments  led  to  the  following  findings. 

1)  The  amount  of  iodine  used  in  the  reaction  depends  on  the  amount  of  alkali  present.  Therefore,  for 
concordant  results,  the  same  amounts  of  alkali  must  be  added  in  any  given  conditions.  It  is  interesting  to  note 
that  when  gallic  acid  is  oxidized  with  oxygen  in  an  alkaline  medium  [8J  the  amount  of  oxygen  absorbed  by  a 
definite  amount  of  gallic  acid  also  depends  on  the  amount  of  alkali  present. 

2)  Processes  leading  to  absorption  of  iodine  occur  at  a  rapidly  decreasing  rate,  and  practically  cease  after 
a  certain  time.  Therefore  the  acidification  prior  to  titration  must  be  carried  out  after  a  certain  time,  necessary 
for  completion  of  the  reaction  (about  3  hours). 
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TABLE  1 

Analytical  P.  suits  for  Gallic  Acid 


Sample 

Elementary  compo¬ 
sition  of.crystalline 
hvdrate  {fij  .  _  _ 

Water  of 
crystalli¬ 
zation 

H) 

Elementary  compo¬ 
sition  of  anhydrous 
substance  H) 

11  1 

1 

1 

1 

^  1 

1 

C 

Schering . 

4.:m 

44.(>3 

3.73 

49.4fi 

Schering-Kahlbaum .  . 

4.34 

44.(;i) 

9.53 

— 

— 

Calculated  for 

C6H2(0H)3C00H-H20 

4.2H 

44.(>8 

9.58 

3.5fi 

49.42 

Mention  was  made  earlier  of  a  previously  proposed  iodometric  method  for  determination  of  gallic  acid, 
also  based  on  its  reaction  with  iodine  in  presence  of  alkali  [5J.  In  this  method,  excess  of  standard  iodine  solu¬ 
tion,  and  starch  solution,  are  added  to  the  solution  under  test,  followed  by  drop- wise  addition  of  caustic  soda 
solution  until  the  iodine  is  completely  combined,  and  then  of  hydrochloric  acid;  the  liberated  iodine  is  then 
titrated  with  thiosulfate  solution.  The  amount  of  added  alkali  may  vary  in  very  wide  limits  according  to  the 
concentration  of  the  caustic  soda  solution  and  the  rate  at  which  it  is  added,  and  the  reaction  does  not  have 
time  to  proceed  to  completion.  The  considerable  discrepancies  in  our  parallel  determinations  by  this  method 
can  be  attributed  to  this  cause. 

Our  method  for  the  iodometric  determination  of  gallic  acid  is  described  below. 

The  solution  for  analysis  should  not  contain  more  than  3.1  g  of  gallic  acid  per  liter  (here  and  subsequently 
the  gallic  acid  concentration  is  given  for  the  anhydrous  substance).  To  10  ml  of  this  solution  (in  a  50  ml  flask) 
20  ml  of  0.1  N  iodine  solution  is  added,  followed  by  3  ml  of  1  N  caustic  soda  solution  added  drop- wise  with 
continuous  stirring;  the  flask  is  then  corked  (a  rubber  bung  may  be  used).  The  addition  of  alkali  causes  the 
iodine  color  to  fade  somewhat,  but  the  solution  is  not  decolorized  completely,  probably  owing  to  formation  of 
ellagic  acid,  solutions  of  which  have  a  srailar  color.  The  depth  of  the  final  color  is  greater  with  higher  contents 
of  gallic  acid  in  the  original  solution.  At  the  end  of  3  hours  (or  more)  the  liquid  is  acidified  with  about  5  ml 
of  hydrochloric  acid  solution  (1:4)  and  the  liberated  iodine  is  titrated  with  0.1  N  thiosulfate  solution;  starch 
solution  is  added  before  the  end  of  the  titration  which  is  then  continued  until  the  blue  color  disappears,  in  the 
usual  way.  The  titration  results  for  parallel  samples  usually  agree  to  within  0.05-0.1  ml.  The  thiosulfate  solu¬ 
tion  was  standardized  against  potassium  dichromate,  and  the  iodine  solution,  against  the  thiosulfate  solution 
under  conditions  identical  with  the  determination  conditions  (i.e.,  after  addition  of  caustic  soda  and  subse¬ 
quent  acidification),  A  microburet  10  ml  in  capacity  was  used  for  the  titrations  in  all  cases. 

About  60  experiments  were  performed.  The  results  of  6  of  these  are  given  in  Table  2. 

It  is  clear  from  the  results  that  X/Y  is  a  variable  quantity  which  increases  with  X,  Consequently,  the 
reactions  between  gallic  acid,  iodine,  and  caustic  soda  are  not  strictly  stoichiometric,  and  the  results  of  the 
determination  of  gallic  acid  by  the  proposed  method  must  be  calculated  either  with  the  aid  of  a  table  based 
on  empirical  data,  or  by  means  of  an  empirical  equation.  The  former  procedure  is  used  more  often  in  such 
cases.  However,  the  latter  appears  to  us  to  be  more  convenient.  If  we  assume  that  X/Y  is  a  linear  function  of 
X,  the  relationship  between  X  and  Y  can  be  represented  by  an  equation  of  the  form: 

a  —  bY  ’ 

where ^  and  b  are  constants.  Their  values  may  be  found  mathematically  from  experimental  data. 

The  method  of  least  squares  was  used  to  derive  the  following  empirical  formula: 

V  _  Y  g  galic  acid 

"  '(r275'--{)7)m~  iiti^  • 
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TABLE  2 


Results  of  lodonietric  Detenninatitins  of  Gallic  Acid 


Exp>erimental  data 

Calculated  data 

Gallic  acid 
concentra- 

(ing/fiter)  X 

Volume  of 
0.1  N  iodine 
solution  take! 
(in  ml)  Y 

Gallic  acid 
concentra¬ 
tion 

(in  g/  liter) 

error 

absolute 

1c 

2.954 

1 7.29 

0.1709 

2.942 

—0.012 

--0.41 

2.470 

14.71 

0.1679 

2.478 

-f0.008 

4-0.32 

1.773 

10.76 

0.1648 

1.785 

4-0.012 

■40.68 

1.182 

7.28 

0.1624 

1.192 

-f  0.0 10 

40.85 

0.507 

3.14 

0.1615 

0.506 

—0.001 

—0.20 

0.314 

1.95 

0.1610 

0.313 

—0.001 

—0.32 

Column  4  of  Table  2  gives  the  concentrations  of  gallic  acid  calculated  by  means  of  this  formula,  and 
tlie  errors  are  given  in  Columns  5  and  6. 

As  already  stated,  3  samples  of  gallic  acid  were  used  in  the  experiments,  both  as  the  crystalline  hydrate 
and  as  tlie  anhydrous  acid.  All  tlie  results  were  the  same,  and  these  factors  were  not  found  to  have  any  influence 
on  the  magnitude  of  the  error.  The  error  did  not  exceed  1.5%,  with  an  average  value  of  0.56%.  With  errors  of 
tliis  magnitude,  the  analytical  data  should  not  be  calculated  to  an  accuracy  greater  than  0.01  g/ liter. 

As  the  determination  is  carried  out  in  an  alkaline  medium,  the  method  should  be  applicable  to  deter¬ 
minations  of  soluble  gallates  as  well  as  of  free  gallic  acid. 

It  was  of  interest  to  determine,  in  general  outline  at  least,  the  effects  of  the  presence  of  other  substances 
in  the  solution  on  the  determination  of  gallic  acid  by  this  method.  The  presence  of  considerable  amounts  (up 
to  5%  in  solution)  of  potassium  iodide  or  sodium  sulfate,  or  of  sodium  acetate  and  sodium  benzoate  in  molar 
concentrations  3-4  times  higher  than  that  of  the  gallic  acid,  did  not  affect  the  accuracy.  However,  in  presence 
of  large  amounts  of  sodium  acetate  (0.5-1  g  per  10  ml  of  solution)  the  error  increased  to  4%.  The  presence 
even  of  small  amounts  of  acetone  or  of  sodium  salicylate  greatly  distorted  the  results. 

The  method  is  therefore  applicable  in  presence  of  substances  which  do  not  react  with  iodine  in  alkaline 
media,  although  large  amounts  of  such  substances  may  lower  the  accuracy.  Substances  which  react  with  iodine 
in  alkaline  media  interfere  with  the  determination. 


LITERATURE  CITED 

[IJ  H.  Meyer,  Analysis  and  Determination  of  Organic  Substances  (ONTI— Theoret.  Cliem.  Press,  Lenin¬ 
grad,  1937)  p.  338.* 

[2j  M.  Boudet,  Bull.  Soc.  Ch.  Fr.,  35,  760  (1906);  C.,  77,  II,  1291  (1906). 

[3J  F.  Jean,  Ann.  Chim.  An.,  5,  134  (1900);  C.  71,  I,  1107  (1900). 

[4J  F.  Hinrichsen  and  E.  Kedesdy,  Ch.  Ztg.,  30,  1301  (1906);  C.,  78,  1,  426  (1907); 

L5J  W.  Gardner  and  H.  Hodgson,  J.  Chem.  Soc.,  95,  1819  (1909);  Z.  Anal.  Ch.,  51, 

I,  1910  (1909). 

[6J  W.  Giessmayer,  Ann.  Chem.  Pharm.,  160,  40  (1871). 

[7J  F.  Power  and  F.  Shedden,  C.,  72,  II,  585  (1901). 

18J  W.  Vaubel,  Z.  ang.  Ch.,  16,  389  (1903). 

_  Received  June  28,  1956 

•  In  Russian. 


79,  I,  990  (1908). 
144  (1912);  C.,  80, 


870 


BOOK  REVIEW 


I,  A.  Egorov,  Faolite  and  its  Applications  in  the  Chemical  Industry, 
Goskhimizdat,  Mo  scow,  1956. 

This  brochure  by  I.  A.  Egorov,  published  in  1956  in  the  series  "Corrosion  in  the  chemical  industry  and 
methods  of  protection,"  deals  with  one  important  question  of  protection  against  corrosion.  It  describes  the  use, 
as  a  method  of  protection  against  corrosion,  of  an  acid-resisting  thermosetting  material  -  faolite  —  now  used 
successfully  as  a  substitute  for  difficultly  available  constructional  materials,  in  particular  lead. 

The  brochure  is  intended  for  engineers  and  technologists  who  process  raw  faolite  or  use  faolite  products. 

It  contains  data  on  the  technology  of  faolite  production,  its  properties,  service  life  in  various  corrosive  media, 
special  features  of  thermal  and  mechanical  treatment,  and  information  on  installation,  utilization,  and  repair 
of  parts  and  equipment  made  of  faolite. 

In  Chapter  I,  "General  Information  on  Faolite,"  faolite  is  defined  as  a  special  acid-resisting  synthetic 
material,  and  its  various  grades  are  described.  The  advantages  of  this  technically  valuable  constructional 
material  over  other  nonmetallic  materials  (vinyl  resins,  bitumens,  rubber,  etc.),  consisting  of  its  higher  heat 
resistance  and  chemical  inertness,  are  described.  Its  chief  defect  —  low  specific  impact  viscosity  —  is  men¬ 
tioned.  In  referring  to  rubbers  (in  the  list  of  materials  less  heat-resisting  than  faolite)  the  author  does  not  name 
any  of  the  grades,  and  makes  no  mention  of  silicone  rubbers,  which  can  often  withstand  temperatures  of  200* 
and  which  therefore  do  not  fit  into  this  category.  This  chapter  also  contains  the  technological  scheme  for  the 
production  of  faolite  and  articles  from  it,  and  the  names  of  such  articles  and  intermediate  products. 

The  author's  statement  concerning  the  heat  resistance  of  faolite  (on  page  7)  is  not  confirmed  by  the  data 
on  technical  specifications  on  p.  65  (Appendix  1).  Thus,  in  the  former  case  it  is  stated  to  be  stable  up  to  100* 
(i.e.,  not  above  100*  I.  F.)  and  in  the  second,  its  endurance  temperature  is  given  as  not  less  than  100*  (hence, 

100*  and  above  100*).  The  reader  is  left  in  doubt  as  to  which  is  the  reliable  temperature  value. 

Chapter  II,  "The  Properties  of  Faolite,"  contains  factual  data,  of  special  interest  to  the  chemist,  on  the 
chemical  resistance  of  faolite  to  various  inorganic  and  organic  substances  ~  data  which  provide  the  basis  for 
its  practical  utilization  in  various  branches  of  the  chemical  industry,  and  which  are  therefore  highly  valuable 
to  production  workers. 

The  physical,  mechanical,  and  especially  chemical  properties  of  faolite  are  illustrated  by  means  of  8 
tables  with  numerical  results  of  various  tests  (most  of  the  tables  deal  with  the  chemical  resistance  of  faolite  in 
different  corrosive  media  for  different  exposure  times  from  1  month  to  5  years).  Egorov  evaluates  the  degree  of 
attack  in  these  media  in  terms  of  the  increase  in  weight  of  the  specimens  and  of  changes  of  their  specific  impact 
viscosity. 

The  data  on  the  effects  of  the  commonest  acids  (sulfuric,  hydrochloric,  acetic,  formic,  and  a  few  others) 
and  a  small  number  of  solvents  (water,  methyl  and  ethyl  alcohols)  could  usefully  be  augmented  by  results  of 
investigations  of  the  chemical  resistance  of  faolite  to  other  corrosive  media  of  practical  importance,  such  as 
the  higher  fatty  acids  (if  the  results  were  favorable,  it  would  be  possible  to  replace  the  copper  pipes  by  fao¬ 
lite  in  splitting  units  in  soap  factories),  glycerol  (do  establish  the  possibility  of  using  faolite  for  coating  vacuum 
evaporators  of  the  glycerine  units)  etc. 

A  serious  omission  is  the  lack  here,  as  elsewhere  in  the  brochure,  of  numerical  data  on  the  effect  of  hydro¬ 
fluoric  acid  on  the  material,  especially  as  even  on  page  8  the  author  emphasizes  the  resistance  of  faolite  to  HF 
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as  a  typical  characteristic  of  one  of  its  grades  (faolite  "T"). 

Chapter  III,  "Production  of  Raw  Faolite,"  consists  of  a  description  of  the  production  of  the  binding  medium, 
phenol- formaldehyde  resin,  the  production  of  the  faolite  mass  itself,  and  its  rolling  and  calendering.  The 
temperature  range  for  drying  the  phenol- formaldehyde  resin  (given  on  page  21)  differs  by  5-10*  from  the  data 
given  a  page  later  for  the  same  operation.  Another  contradiction  is  found  on  p.  24;  in  one  case  the  composition 
of  chrysotile  asbestos  is  given  without  iron  (sec  its  chemical  formula),  and  in  another,  on  the  same  page  (a  few 
lines  later)  it  is  stated  that  chrysotile  asbestos  contains  up  to  &yi,  of  iron. 

In  the  same  chapter  (p.  25),  owing  to  careless  calculation  the  chemical  composition  of  faolite  "P"  corres¬ 
ponds  to  101%  of  its  components.  It  is  obvious  that  such  inaccuracies  and  ambiguities  make  the  text  more  diffi¬ 
cult  to  understand. 

Chapter  IV,  "Hardening  of  Faolite,"  contains  a  description  of  the  last  stages  of  the  chemical  condensa¬ 
tion  of  phenol- formaldehyde  resins  under  heat  treatment,  accompanied  by  its  conversion  into  the  infusible 
thermosetting  state,  i.e,,  hardening.  In  fact  this  is  the  crucial  stage  of  the  whole  process  of  faolite  production. 

Without  dealing  with  the  chemistry  of  the  process,  the  author  describes  the  temperature  conditions  used 
for  hardening,  the  qualitative  changes  thereby  produced  in  the  faolite,  the  technology  of  hardening,  the  shrink¬ 
age  which  occurs,  and  the  lacquering  of  faolite  articles. 

The  last  section  seems  superfluous,  as  it  is  not  directly  related  to  the  preceding  material.  The  degree  of 
hardening  is  indicated  here  by  the  bromine  number.  This  principle  is  extended  further.  Faolite  with  a  bromine 
number  of  less  than  13  is  regarded  as  hardened  for  practical  purposes.  The  chemical  resistance  of  faolite  in¬ 
creases  with  hardening.  The  chemical  resistance  of  faolite  articles  after  30  hours  of  heat  treatment  conforms 
to  the  technical  specifications. 

Chapter  V,  "Production  of  Articles  from  Raw  Faolite,"  gives  an  account  of  the  production  of  various 
industrial  articles  from  raw  faolite  by  molding  and  subsequent  heat  curing. 

Detailed  descriptions  are  given  of  two  methods  for  making  raw  faolite  pipes  (by  treatment  of  raw  faolite 
mass  in  a  screw  press  and  by  molding  of  raw  faolite  sheets),  of  the  production  of  cylindrical  vessels,  thick- walled 
articles,  and  of  the  use  of  faolite  for  coating  metal  vessels  (faolitizing). 

In  Chapter  VI,  the  last,  "Articles  from  Hardened  Faolite,"  methods  are  described  for  making  articles  from 
hardened  faolite,  for  the  mechanical  processing  of  faolite  articles,  and  an  account  is  given  of  their  installation, 
repair,  and  use. 

The  formulation  and  composition  of  "Arxamit"  cement  on  page  61  is  not  clear,  and  the  composition  of 
the  resin  used  is  not  given. 

It  must  be  stated  in  conclusion  that  despite  a  number  of  defects  the  publication  of  this  brochure  may  be 
approved. 

It  will  be  of  undoubted  assistance  to  industrial  workers  in  their  daily  practical  work  in  the  struggle  against 
corrosion. 


I.  G.  Filatov 
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